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IMMUNOGENIC COMPOSITIONS FOR STREPTOCOCCUS AGALA CTIAE 

This application claims the benefit and incorporates by reference in its entirety U.S. 
provisional application 60/548,789, filed February 26, 2004 and claims priority to International Patent 
Application No. PCT/US03/29167, Attorney Reference No. PP19766.002, filed on September 15, 
2003, incorporated herein in its entirety. 

FIELD OF THE INVENTION 

The invention relates to an immunogenic antigen derived from Streptococcus agalactiae 
("GBS") and its use in combinations with other GBS antigens to provide for broader coverage among 
different GBS strains. In particular, the invention relates to a composition comprising a combination 
of two or more GBS antigens, wherein the combination includes GBS 80 or a fragment thereof. The 
combination may include GBS 80 and at least one other GBS antigen. For example, the combination 
may include GBS 80 and up to thirteen GBS antigens. In a preferred embodiment, the combination 
may include GBS 80 and up to ten GBS antigens. In a more preferred embodiment, the combination 
may include GBS 80 and up to five GBS antigens. In one embodiment, the combination may consist 
of two to thirteen GBS antigens selected from an antigen group consisting of GBS 80, GBS 91, GBS 
104, GBS 184, GBS 276, GBS 305, GBS 322, GBS 330, GBS 338, GBS 361, GBS 404, GBS 690, 
and GBS 691. Preferably, the combination includes GBS 80 in combination with one or more of GBS 
104 and GBS 322. 

BACKGROUND OF THE INVENTION 

GBS has emerged in the last 20 years as the major cause of neonatal sepsis and meningitis 
that affect 0.5 - 3 per 1000 live births, and an important cause of morbidity among the older age 
group affecting 5-8 per 100,000 of the population. Current disease management strategies rely on 
intrapartum antibiotics and neonatal monitoring which have reduced neonatal case mortality from 
>50% in the 1970's to less than 10% in the 1990's. Nevertheless, there is still considerable morbidity 
and mortality and the management is expensive. 15 — 35% of pregnant women are asymptomatic 
carriers and at high risk of transmitting the disease to their babies. Risk of neonatal infection is 
associated with low serotype specific maternal antibodies and high titers are believed to be protective. 
In addition, invasive GBS disease is increasingly recognized in elderly adults with underlying disease 
such as diabetes and cancer. 

The "B" in "GBS" refers to the Lancefield classification, which is based on the antigenicity of 

a carbohydrate which is soluble in dilute acid and called the C carbohydrate. Lancefield identified 13 

types of C carbohydrate, designated A to O. that could be serologically differentiated. The organisms 

-1- 



WO 2005/028618 



PCT7US2004/030032 



that most commonly infect humans are found in groups A, B, D, and G. Within group B, strains can 
be divided into at least 9 serotypes (la, lb, Ia/c, n, m, IV, V, VI, VII and VET) based on the structure 
of their polysaccharide capsule. In the past, serotypes la, lb, n, and m were equally prevalent in 
normal vaginal carriage and early onset sepsis in newborns. Type V GBS has emerged as an 
5 important cause of GBS infection in the USA, however, and strains of types VI and VIII have become 
prevalent among Japanese women. 

The genome sequence of a serotype V strain 2603 V/R has been published (Ref. 1) and 
various polypeptides for use a vaccine antigens have been identified (Ref. 2). The vaccines currently 
in clinical trials, however, are based on polysaccharide antigens. These suffer from serotype- 
10 specificity and poor immunogenicity, and so there is a need for effective vaccines against S.agalactiae 
infection. 

It is an object of the invention to provide further and improved compositions for providing 
immunity against GBS disease and/or infection. The compositions are based on a combination of two 
or more (e.g., three or more) GBS antigens. 

15 

SUMMARY OF THE INVENTION 

Applicants have discovered that an immunogenic GBS antigen, GBS 80, is particularly 
suitable for immunization purposes, especially when used in combination with other GBS antigens. 
The combination may include GBS 80 and at least one other GBS antigen or up to thirteen other GBS 

20 antigens. In a preferred embodiment, the combination may include GBS 80 and up to 10 GBS 

antigens. In a more preferred embodiment, the combination includes GBS 80 and up to five GBS 
antigens. In particular, the invention relates to a composition comprising a combination of two or 
more GBS antigens, wherein the combination includes GBS 80 or a fragment thereof. In one 
embodiment, the combination may consist of two to thirteen GBS antigens selected from the group 

25 consisting of GBS 80, GBS 91, GBS 104, GBS 184, GBS 276, GBS 305, GBS 322, GBS 330, GBS 
338, GBS 361, GBS 404, GBS 690, and GBS 691. Preferably, the combination consists of GBS 80, 
GBS 104 and GBS 322. 

Instead of the full length antigen, the combination may comprise an immunogenic fragment 
of the selected GBS antigen and/or a polypeptide sequence having sequence identity to the selected 

30 antigen. 

Preferably, the combination of GBS antigens consists of three, four, five, six, seven, eight, 
nine, or ten GBS antigens. Still more preferably, the combination of GBS antigens consists of three, 
four, or five GBS antigens. 
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DETAILED DESCRIPTION OF THE INVENTION 

The practice of the present invention will employ, unless otherwise indicated, conventional 
methods of chemistry, biochemistry, molecular biology, immunology and pharmacology, within the 
skill of the art. Such techniques are explained fully in the literature. See, e.g., Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 19th Edition (1995); Methods In 
Enzymology (S. Colowick and N. Kaplan, eds., Academic Press, Inc.); and Handbook of Experimental 
Immunology, Vols. I-IV (D.M. Weir and C.C. Blackwell, eds., 1986, Blackwell Scientific 
Publications); Sambrook, et aL, Molecular Cloning: A Laboratory Manual (2nd Edition, 1989); 
Handbook of Surface and Colloidal Chemistry (Birdi, K.S. ed., CRC Press, 1997); Short Protocols in 
Molecular Biology, 4th ed. (Ausubel et al. eds., 1999, John Wiley & Sons); Molecular Biology 
Techniques: An Intensive Laboratory Course, (Ream et al., eds., 1998, Academic Press); PCR 
(Introduction to Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer Verlag); 
Peters and Dalrymple, Fields Virology (2d ed), Fields et al. (eds.), B.N. Raven Press, New York, NY. 

All publications, patents and patent applications cited herein, are hereby incorporated by 
reference in their entireties. 

GBS Antigens 

5 As discussed above, the invention provides an immunogenic composition comprising a 

combination of two or more GBS antigens, wherein said combination includes GBS 80 or a fragment 
thereof. 

The combinations of GBS antigens may include polypeptide fragments of the identified GBS 
antigens. The length of the fragment may vary depending on the amino acid sequence of the specific 

10 GBS antigen, but the fragment is preferably at least 7 consecutive amino acids, {e.g. 8, 10, 12, 14, 16, 
18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200 or more). Preferably the fragment comprises 
one or more epitopes from the sequence. Other preferred fragments include (1) the N-terminal signal 
peptides of each identified GBS antigen, (2) the identified GBS antigens without their N-tenninal 
signal peptides, and (3) each identified GBS antigen wherein up to 10 amino acid residues (e.g. 1, 2, 

15 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25 or more) are deleted from the N-terminus and/or the C-terminus e.g. 
the N-terminal amino acid residue may be deleted. Other fragments omit one or more domains of the 
protein (e.g. omission of a signal peptide, of a cytoplasmic domain, of a transmembrane domain, or of 
an extracellular domain). 

The combinations of GBS antigens may include polypeptide sequences having sequence 

20 identity to the identified GBS antigens. JThe degree of sequence identity may vary depending on the 
amino acid sequence (a) in question, but is preferably greater than 50% (e.g. 60%, 65%, 70%, 75%, 
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80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% ormore). Polypeptides 
having sequence identity include homologs, orthologs, allelic variants and functional mutants of the 
identified GBS antigens. Typically, 50% identity or more between two proteins is considered to be an 
indication of functional equivalence. Identity between proteins is preferably determined by the 
Smith-Waterman homology search algorithm as implemented in the MPSRCH program (Oxford 
Molecular), using an affinity gap search with parameters gap open penalty=12 and gap extension 
penalty=l. 

The polypeptides can, of course, be prepared by various means {e.g. recombinant expression, 
purification from GBS, chemical synthesis etc.) and in various forms (e.g. native, fusions, 
glycosylated, non-glycosylated etc.). They are preferably prepared in substantially pure form {i.e. 
substantially free from other streptococcal or host cell proteins) or substantially isolated form. 
GBS 80 

As discussed above, the invention relates to the use of GBS 80 in synergistic combination 
with other GBS antigens. GBS 80 refers to a putative cell wall surface anchor family protein. 
Nucleotide and amino acid sequence of GBS 80 sequenced from serotype V isolated strain 2603 V/R 
are set forth in Ref. 2 as SEQ ID 8779 and SEQ ID 8780. These sequences are also set forth below as 
SEQIDNOS 1 and 2: 

SEQ ID NO. 1 

ATGAAATTATCGAAGAAGTTATTGTTTTCGGCTGCTGTTTTAACAATGGTGGCGGGGTCAACTGTTGA 
^??^??^^^^^^^^^^^*^^®^^^^^^^^^^^^^AAGAGCTGCAGAAGTGTC^CAAGAACGCCCAG 
CGAAAACAACAGTAAATATCTATAAATTACAAGCTGATAGTTATAAATCGGAAATTACTTCTAATGGT 
GGTATCGAGAATAAAGACGGCGAAGTAATATCTAACTATGCTAAACTTGGTGACAATGTAAAAGGTTT 
GCAAGGTGTACAGTTTAAACGTTATAAAGTCAAGACGGATATTTCTGTTGATGAATTGAAAAAATTGA 
CAACAGTTGAAGCAGCAGATGCAAAAGTTGGAACGATTCTTGAAGAAGGTGTCAGTCTACCTCAAAAA 
ACTAATGCTCAAGGTTTGGTCGTCGATGCTCTGGATTCAAAAAGTAATGTGAGATACTTGTATGTAGA 
AGATTTAAAGAATTCACCTTCAAACATTACCAAAGCTTATGCTGTACCGTTTGTGTTGGAATTACCAG 
TTGCTAACTCTACAGGTACAGGTTTCCTTTCTGAAATTAATATTTACCCTAAAAACGTTGTAACTGAT 
GAACCAAAAACAGATAAAGATGT TAAAAAAT TAGGT CAGGACGATGCAGGT TATACGATT GGTGAAGA 

ATTCAAATGGTTCTTGAAATCTACAATCCCTGCCAATTTAGGTGACTATGAAAAATTTGAAATTACTG 

ATAAATTTGCAGATGGCTTGACTTATAAATCTGTTGGAAAAATCAAGATTGGTTCGAAAACACTGAAT 

AGAGATGAGCACTACACTATTGATGAACCAACAGTTGATAACCAAAATACATTAAAAATTACGTTTAA 

ACCAGAGAAATTTAAAGAAATTGCTGAGCTACTTAAAGGAATGACCCTTGTTAAAAATCAAGATGCTC 

TTGATAAAGCTACTGCAAATACAGATGATGCGGCATTTTTGGAAATTCCAGTTGCATCAACTATTAAT 

GAAAAAGCAGTTTTAGGAAAAGCAATTGAAAATACTTTTGAACTTCAATATGACCATACTCCTGATAA 

AGCTGACAATCCAAAACCATCTAATCCTCCAAGAAAACCAGAAGTTCATACTGGTGGGAAACGATTTG 

TAAAGAAAGACTCAACAGAAACACAAACACTAGGTGGTGCTGAGTTTGATTTGTTGGCTTCTGATGGG 

ACAGCAGTAAAATGGACAGATGCTCTTATTAAAGCGAATACTAATAAAAACTATATTGCTGGAGAAGC 

TGTTACTGGGCAACCAATCAAATTGAAATCACATACAGACGGTACGTTTGAGATTAAAGGTTTGGCTT 

ATGCAGTTGATGCGAATGCAGAGGGTACAGCAGTAACTTACAAATTAAAAGAAACAAAAGCACCAGAA 

GGTTATGTAATCCCTGATAAAGAAATCGAGTTTACAGTATCACAAACATCTTATAATACAAAACCAAC 

TGACATCACGGTTGATAGTGCTGATGCAACACCTGATACAATTAAAAACAACAAACGTCCTTCAATCC 

CTAATACTGGTGGTATTGGTACGGCTATCTTTGTCGCTATCGGTGCTGCGGTGATGGCTTTTGCTGTT 
AAGGGGATGAAGCGTCGTACAAAAGATAAC 
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SEQIDNO:2 

MKLSKKLLFSAAVLTIWAGSTVEPVAQFATGMS 

GIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSLPQK 
5 TNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYAVPFVLELPVANSTGTGFLSEINIYPKNWTD 
E PKT DKD VKKLGQDDAG YT I GEE FKWFLKS T I PANLGD YEKFE I T DKFADGLT YKS VGKI KI GS KTLN 

RDEHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDAAFLEIPVASTIN 

EKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASDG 

TAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKAPE 

10 GYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPSJPNT GGIGTAI FVAIGAAVMAFAV 
KGMKRRT KDN 

As described above, the combinations of the invention may include a fragment of a GBS 
antigen. In some instances, removal of one or more domains, such as a leader or signal sequence 

1 5 region, a transmembrane region, a cytoplasmic region or a cell wall anchoring motif, may facilitate 
cloning of the gene encoding the antigen and/or recombinant expression of the GBS protein. In 
addition, fragments comprising immunogenic epitopes of the cited GBS antigens may be used in the 
compositions of the invention. 

GBS 80 contains an N-terminal leader or signal sequence region which is indicated by the 

20 underlined sequence at the beginning of SEQ ID NO: 2 above. In one embodiment, one or more 

amino acids from the leader or signal sequence region of GBS 80 are removed. An example of such a 
GBS 80 fragment is set forth below as SEQ ID NO: 3: 



SEQ ID NO: 3 

25 AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDI 
SVDELKKLTTVEAADAKVGTILEEGVSLPQKTNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYA 
VPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLG 
D YEKFE I T DKFADGLT YKS VGKI KI GSKTLNRDEHYT I DE PT VDNQNTLKI T FKPEKFKE I AELLKGM 

TLVKNQDALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPE 
30 VHTGGKRFVKKDSTETQTLGGAEFDLLASDGTAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDG 
TFEIKGLAYAVDANAEGTAVTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTI 
KNNKRPS I PNTGG I GTAI FVAI GAAVMAFAVKGMKRRTKDN 

GBS 80 contains a C-terminal transmembrane region which is indicated by the underlined 
35 sequence near the end of SEQ ID NO: 2 above. In one embodiment, one or more amino acids from 
the transmembrane region and/or a cytoplasmic region are removed. An example of such a GBS 80 
fragment is set forth below as SEQ ID NO: 4: 



SEQ ID NO: 4 

40 MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRAAEVSQERPAKTTVNIYKLQADSYKSEITSNG 
GIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSLPQK 
TNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYAVPFVLELPVANSTGTGFLSEINIYPKNWTD 
EPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLN 
RDEH YT I DE PT VDNQNTLKI T FKPEKFKE I AELLKGMTLVKNQ DAL DKATANTDDAAFLE I PVAS TIN 

45 EKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASDG 
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TAVKWT DAL I KANTNKN YI AGEAVT GQP I KLKSHT DGT FE I KGLAYAVDANAEGTAVT YKLKETKAPE 
GYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPS JPNTG 

GBS 80 contains an amino acid motif indicative of a cell wall anchor: SEQ ID NO: 5 
5 IPNTG (shown in italics in SEQ ID NO: 2 above). In some recombinant host cell systems, it may be 
preferable to remove this motif to facilitate secretion of a recombinant GBS 80 protein from the host 
cell. Accordingly, in one preferred fragment of GBS 80 for use in the invention, the transmembrane 
and/or cytoplasmic regions and the cell wall anchor motif are removed from GBS 80. An example of 
such a GBS 80 fragment is set forth below as SEQ ID NO: 6. 

10 

SEQ ID NO: 6 

MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVRAAEVSQERPAKTTVNIYKLQADSYKSEITSNG 
GI ENKDGEVI SNYAKLGDNVKGLQGVQFKRYKVKT DI S VDELKKLTT VEAADAKVGT I LEEGVSLPQK 

TNAQGLWDALDSKSNVRYLYVEDLKNSPSNITICAYAVPFVLELPVANSTGTGFLSEINIYPKNWTD 
15 EPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLN 
RDEHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKGMTLVKNQDALDKATANTDDAAFLEIPVASTIN 
EKAVLGKAIENTFELQYDHTPDBCADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASDG 
TAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVT YKLKETKAPE 
GYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPS 

20 

Alternatively, in some recombinant host cell systems, it may be preferable to use the cell wall 
anchor motif to anchor the recombinantly expressed protein to the cell wall. The extracellular domain 
of the expressed protein may be cleaved during purification or the recombinant protein may be left 
attached to either inactivated host cells or cell membranes in the final composition. 
25 ^ one embodiment, the leader or signal sequence region, the transmembrane and cytoplasmic 

regions and the cell wall anchor motif are removed from the GBS 80 sequence. An example of such a 
GBS 80 fragment is set forth below as SEQ ID NO: 7. 



SEQ DD NO: 7 

30 AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDI 
SVDELKKLTTVEAADAKVGTILEEGVSLPQKTNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYA 
VPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLG 
DYEKFE I T DKFADGLT YKS VGKIKI GSKTLNRDEH YT I DE PTVDNQNTLKI TFKPEKFKEI AELLKGM 

TLVKNQDALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPE 

35 VHTGGKRFVKKDSTETQTLGGAEFDLLASDGTAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDG 

TFEIKGLAYAVDANAEGTAVTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTI 
KNNKRPS " 

Applicants have identified a particularly immunogenic fragment of the GBS 80 protein. This 
40 immunogenic fragment is located towards the N-terminus of the protein and is underlined in the GBS 
80 SEQ ID NO: 2 sequence below. The underlined fragment is set forth below as SEQ ID NO: 8. 
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SEQIDNO:2 

MKLSKKLLFSAAVLTMVAGSTVEPVAQFATGMSIVR AAEVSQERPAKTTVNIYKLQADSYKSEITSNG 
GIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDISVDELKKLTTVEAADAKVGTILEEGVSLPQK 
5 TNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYAVPFVLELPVANSTGTGFLSEINIYPKNWTD 
EPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLGDYEKFEITDKFADGLTYKSVGKIKIGSKTLN 
RDEHYTIDEPTVDNQNTLKITFKPEKFKEIAELLKGM TLVKNODALDKATANTDnAAFT.F.TPVA.gTTKr 

EKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGKRFVKKDSTETQTLGGAEFDLLASDG 
TAVKWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDGTFEIKGLAYAVDANAEGTAVTYKLKETKAPE 
10 GYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPSIPOTGGIGTAIFVAIGAAVMAFAV 
KGMKRRTKDN 

SEQ ID NO: 8 

AEVSQERPAKTTVNIYKLQADSYKSEITSNGGIENKDGEVISNYAKLGDNVKGLQGVQFKRYKVKTDI 
15 SVDELKKLTTVEAADAKVGTILEEGVSLPQKTNAQGLWDALDSKSNVRYLYVEDLKNSPSNITKAYA 
VPFVLELPVANSTGTGFLSEINIYPKNWTDEPKTDKDVKKLGQDDAGYTIGEEFKWFLKSTIPANLG 
DYEKFE I T DKFADGLT YKS VGKI KI GSKTLNRDEH YT I DE PT VDNQNTLKI T FKPEKFKE I AELLKG 

The immunogenicity of the protein encoded by SEQ ID NO: 7 was compared against PBS, 
20 GBS whole cell, GBS 80 (full length) and another fragment of GBS 80, located closer to the C- 
terminus of the peptide (SEQ ID NO: 9, below). 

SEQ ID NO: 9 

MTLVKNQDALDKATANTDDAAFLEIPVASTINEKAVLGKAIENTFELQYDHTPDKADNPKPSNPPRKPEVHTGGK 
RFVKKDSTETQTLGGAEFDLLASDGTAVBCWTDALIKANTNKNYIAGEAVTGQPIKLKSHTDGTFEIKGLAYAVDA 
25 NAEGTAVTYKLKETKAPEGYVIPDKEIEFTVSQTSYNTKPTDITVDSADATPDTIKNNKRPS 

Both an Active Maternal Immunization Assay and a Passive Maternal Immunization Assay 
were conducted on this collection of proteins. 

As used herein, an Active Maternal Immunization assay refers to an in vivo protection assay 

30 where female mice are immunized with the test antigen composition. The female mice are then bred 
and their pups are challenged with a lethal dose of GBS. Serum titers of the female mice during the 
immunization schedule are measured as well as the survival time of the pups after challenge. 

Specifically, the Active Maternal Immunization assays referred to herein used groups of four 
CD-I female mice (Charles River Laboratories, Calco Italy). These mice were immunized 

35 intraperitoneally with the selected proteins in Freund's adjuvant at days 1, 21 and 35, prior to 
breeding. 6-8 weeks old mice received 20 ng protein/dose when immunized with a single 
antigen, 30-45 \ig protein/dose (1 5 jag each antigen) when immunized with combination of 
antigens. The immune response of the dams was monitored by using serum samples taken on day 
0 and 49. The female mice were bred 2-7 days after the last immunization (at approximately t= 

40 36 - 37), and typically had a gestation period of 21 days. Within 48 hours of birth, the pups were 
challenged via LP. with GBS in a dose approximately equal to an amount which would be 
sufficient to kill 70 - 90 % of unimmunized pups (as determined by empirical data gathered from 
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PBS control groups). The GBS challenge dose is preferably administered in 50jil of THB 
medium. Preferably, the pup challenge takes place at 56 to 61 days after the first immunization. 
The challenge inocula were prepared starting from frozen cultures diluted to the appropriate 
concentration with THB prior to use. Survival of pups was monitored for 5 days after challenge. 
5 As used herein, the Passive Maternal Immunization Assay refers to an in vivo protection assay 

where pregnant mice are passively immunized by injecting rabbit immune sera (or control sera) 
approximately 2 days before delivery. The pups are then challenged with a lethal dose of GBS. 

Specifically, the Passive Maternal Immunization Assay referred to herein used groups of 
pregnant CD1 mice which were passively immunized by injecting 1 ml of rabbit immune sera or 

10 control sera via LP., 2 days before delivery. Newborn mice (24-48 hrs after birth) are challenged 
via LP. with a 70 - 90% lethal dose of GBS serotype III COHL The challenge dose, obtained by 
diluting a frozen mid log phase culture, was administered in 50^1 of THB medium. 

For both assays, the number of pups surviving GBS infection was assessed every 12 hrs 
for 4 days. Statistical significance was estimated by Fisher's exact test. 

1 5 The results of each assay for immunization with SEQ ID NO: 7, SEQ ID NO: 8, PBS and 

GBS whole cell are set forth in Tables 1 and 2 below. 



TABLE 1: Active Maternal Immunization 


Antigen 


Alive/total 


%Survival 


Fisher's exact test 


PBS (neg control) 


13/80 


16% 




GBS (whole cell) 


54/65 


83% 


PO.00000001 


GBS80 (intact) 


62/70 


88% 


PO.00000001 


GBS80 (fragment) SEQ ID 7 


35/64 


55% 


P=0.0000013 


GBS80 (fragment) SEQ ID 8 


13/67 


19% 


P=0.66 




Table 2: Passive Maternal Immunization 


Antigen 


Alive/total 


%Survival 


Fisher's exact test 


PBS (neg control) 


12/42 


28% 




GBS (whole cell) 


48/52 


92% 


P<0.00000001 


GBS80 (intact) 


48/55 


87% 


P<0.00000001 


GBS80 (fragment) SEQ ID 7 


45/57 


79% 


P=0.0000006 


GBS80 (fragment) SEQ ID 8 


13/54 


24% 


P=l 



As shown in Tables 1 and 2, immunization with the SEQ ID NO: 7 GBS 80 fragment 
provided a substantially improved survival rate for the challenged pups than the comparison SEQ ID 
NO: 8 GBS 80 fragment. These results indicate that the SEQ ID NO: 7 GBS 80 fragment may 
comprise an important immunogenic epitope of GBS 80. 
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Combinations including GBS 80 

The invention includes combinations of two or more GBS antigens wherein the combination 
includes GBS 80 or a fragment thereof. Applicants have discovered that GBS 80 is particularly 
suitable for inimunization in combination with other GBS antigens and that these antigen 
5 combinations provide for a broader coverage among different GBS strains. 

Preferably, the combination of GBS antigens consists of three, four, five, six, seven, eight, 
nine, or ten GBS antigens. Still more preferably, the combination of GBS antigens consists of three, 
four, or five GBS antigens. 

Preferably, the combinations of the invention provide for improved immunogenicity over the 
1 0 immunogenicity of the antigens when administered alone. Improved immunogenicity may be 

measured, for example, by the Active Maternal Immunization Assay. As discussed above, this assay 
may be used to measure serum titers of the female mice during the immunization schedule as well as 
the survival time of the pups after challenge. Preferably, immunization with the immunogenic 
compositions of the invention yield an increase of at least 2 percentage points (preferably at least 3, 4 
15 or 5 percentage points) in the percent survival of the challenged pups as compared to the percent 
survival from maternal immunization with a single antigen of the composition when administered 
alone. Preferably, the increase is at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29 or 30 percentage points. Preferably, the GBS combinations of the invention 
comprising GBS 80 demonstrate an increase in the percent survival as compared to the percent 
20 survival from immunization with a non-GBS 80 antigen alone. 

According to one embodiment of the invention, combinations of antigens or fusion proteins 
containing a portion or portions of the antigens will include GBS 80 or a pportion thereof in 
combination with from one to 10 antigens, preferably one to 10 or less antigens. Such other antigens 
include by way of example and not limitation, GBS 67, GBS 91, GBS 104, GBS 184, GBS 276, GBS 
305, GBS 322, GBS 330, GBS 338, GBS 361, GBS 404, GBS 690, and GBS 691. Still other antigens 
are identified in U.S. Serial Number 10/415,182, filed April 28, 2003, hereby incorporated in its 
entirety. 

Combinations, for example, can include GBS 80, GBS 104, GBS 322, and GBS 276, ; GBS 
80, GBS 338, GBS 330; GBS 80, GBS 330, GBS 104; GBS 80, GBS 104, GBS 404; GBS 80,'gBS 

30 338, GBS 104; GBS 80, GBS 338, GBS404; GBS 338, GBS 330, GBS 104; GBS 338, GBS 104, 

GBS 404; GBS 80, GBS 330, GBS 404; GBS 80, GBS 322, GBS 104; GBS 80, GBS 322, GBS 276; 
GBS 80, GBS 322, GBS 91; GBS 80, GBS 104, GBS 276; GBS 80, GBS 104, GBS 91; GBS 80, GBS 
276, GBS 91; GBS 80, GBS 322, GBS 104; GBS 80, GBS 322, GBS 276; GBS 80, GBS 322, GIBS 
91; GBS 80, GBS 104, GBS 276; GBS 80, GBS 104, GBS 91; GBS 80, GBS 276, GBS 91; GBS 80, 

35 GBS 690, GBS 691; GBS 80, GBS 690, GBS 338; GBS 80, GBS 690, GBS 305; GBS 80, GBS 691,' 
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GBS 305; GBS 80, GBS 338, GBS 305; GBS 80, GBS 338, GBS 361; GBS 80, GBS 305, GBS 361; 
GBS 80, GBS 184, GBS 691; GBS 80, GBS 691, GBS 338; GBS 80, GBS 104, GBS 276, GBS 322; 
GBS 80, GBS 104, GBS 67, and GBS 322. Examples of combinations of the invention which 
demonstrate improved immunogenicity are set forth below. A more detailed description of the GBS 
5 antigens referred to in these experiments is set forth following the examples. 

EXAMPLE 1: Active Maternal Immun ization Assay of GBS 80 alone vs. in combination 

In this example, the Active Maternal Immunization Assay was used to measure the percent 
1 0 survival of pups challenged with a Type m serotype of GBS (COH1 isolate), at t=56 days. The 
maternal mice were immunized according to the Active Maternal Immunization Assay schedule 
discussed above with GBS 80 alone, combinations of GBS antigens (with and without GBS 80), 
placebo (PBS) or inactivated whole cell GBS isolate as indicated in Table 3 below. In these 
experiments, the challenge dose for GBS Type m, strain isolate COH1 sufficient to kill 70 - 90 % of 
1 5 unimmunized pups is approximately equal to 10 x LD 50% (where LD 50% is the statistically derived 
Median Lethal Dose). 



Table 3: Active Maternal Immunization Assay of GBS 80 alone vs. in combination 





I Challenge t=56 days 


Type m COH1 10 x LD 50% 


oc-GBS 


Alive/treated 


Survival % 


ct-PBS 


3/26 


11 


a-GBS m 


9/20 


45 


80 


24/34 


70 


80+338+330 


39/40 


97 


80+330+104 


38/40 


95 


80+104+404 


24/24 


100 


80+338+104 


33/34 


97 


80+338+404 


30/30 


100 


338+330+104 


22/30 


73 


338+104+404 


24/37 


65 


80+330+404 


25/28 


89 



As shown in Table 3, combinations of GBS antigens which included GBS 80 demonstrated an 
improved immunogenicity over the use of the antigens alone. For example, immunization with GBS 
80 alone yielded a 70% survival rate among the challenged pups. Imm unization with combinations of 
GBS 80 with GBS 338, GBS 330, GBS 104, and GBS 404 yielded 95 to 100% survival rate among 
the challenged pups. This is an increase of 25 to 30 percentage points. 

By comparison, combinations of these antigens which did not include GBS 80 failed to 
achieve the % survival of GBS 80 alone. For example, immunization with GBS 338, GBS 104 and 
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GBS 404 yielded a 65% survival rate. Replacement of any one of these antigens with GBS 80 
dramatically increased the percent survival rate to between 97 and 100%. This is an increase of 32 to 
35 percentage points. (See percent survival rates of GBS 80, 338, 101 (97%); GBS 80, 338, 404 
(100%) and GBS 80, 104, 404 (100%)). Similarly, immunization with GBS 338, 330 and 104 yielded 
5 a 73% survival rate. Replacement of any one of these antigens with GBS 80 increased the percent 
survival rate to between 95 - 97%. 

These findings indicate that protection from COH1 isolate is increased with use of GBS 80 in 
combination with other GBS antigens. 

10 EXAMPLE 2: Active Mate rnal Immu nization Assay of GBS 80. 

GBS 322. GBS 276. GBS 104 alone vs. in combination 

In this example, the Active Maternal Immunization Assay was used to measure the percent 
survival of pups challenged with a Type m serotype of GBS (COH1 isolate) at t=56 days. The 
1 5 maternal mice were immunized according to the Active Maternal Immunization Assay schedule 

discussed above with a single GBS antigen, combinations of GBS antigens with GBS 80, and placebo 
(PBS) as indicated in Table 4 below. 



20 



Table 4: Active Maternal Immunization Assay of GBS 80, GBS 322, 



I Challenge t=56 days 
Type m COH1 lOx LD 50% 
oc-GBS Alive/treated Survival % 


80 + 322 + 104 


27/27 


100 


80 + 322 + 276 


35/38 


92 


80 + 322 + 91 


24/24 


100 


80+104 + 276 


29/30 


97 


80 + 104 + 91 


36/40 


90 1 


80 + 276 + 91 


33/40 


82 


GBS 80 


24/30 


80 


GBS 322 


7/40 


17 


GBS 276 


13/37 


35 


GBS 104 


28/38 


74 


a-PBS 


2/27 


7 



25 



As shown in Table 4, the combinations of the antigens with GBS 80 yielded improved 
immunogenicity over the use of the antigens alone. For example, immunization with GBS 322 alone 
yielded a 17 % survival rate among the challenged pups. Immunization with combinations of GBS 
322 with GBS 80 and another GBS antigen yielded survival rates of 92 - 100%. As another example, 
immunization with GBS 104 alone yielded a 74% survival rate. Immunization with combinations of 
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10 



15 



GBS 104 with GBS 80 and another GBS antigen yielded survival rates of 90 - 100%. As another 
example, immunization with GBS 276 alone yielded a 35% survival rate. Immunization with 
combinations of GBS 276 with GBS 80 and another GBS antigen yielded survival rates of 82 - 97%. 

Having demonstrated the immunogenicity of the above-described combinations, the duration 
of the immune response in the mouse model was further analysed. The maternal mice used in the 
above described Active Maternal Immunization Assay were mated a second time and the resulting 
pups challenged with a different GBS serotype (Type V, CJB 1 1 1 isolate) at a dramatically higher 
dose (300x LD 50%) at t=91 days. The parameters of this second, much stronger challenge were 
outside those of the standard Active Maternal Immunization Assay and were meant to probe the limi ts 
of the immunological memory generated from the original maternal immunization in the mouse 
model. Indication of immunological memory in this model under these conditions is thought to be 
significant. As shown in Table 5, even under these extreme conditions, increased survival rates were 
generally achieved, particularly for the combination comprising GBS 80, GBS 322 and GBS 104. It 
was surprising to note that the percent survival rate for the combination of GBS 80, GBS 233 and 
GBS 104 was 100% for both the first and second challenges. 



Table 5 : Second generation pups challenged with higher dose of differen t strain 



a-GBS 


II Challenge t=91 days 
Type V CJB111 300x LD 50% 
Alive/treated 


Survival % 


80 + 322+104 


20/20 


100 


80 + 322 + 276 


32/37 


86 


80 + 322 + 91 


27/30 


90 


80+104 + 276 


22/37 


59 


80+104 + 91 


36/39 


92 


80 + 276 + 91 


23/28 


82 


GBS 80 


13/30 


43 


GBS 322 


25/30 


83 


GBS 276 


18/40 


45 


GBS 104 


21/39 


54 


a-PBS 


9/36 


25 



EXAMPLE 3: Active Ma ternal Imm unization Assay of combinations of 
20 GBS 80 with GBS 690. GBS 691. GBS 338. GBS 305. GBS 361 and GBS 184 

In this example additional combinations of GBS antigens were used in the Active Maternal 
Immunization Assay, again with a GBS Type m COH1 isolate challenge. The maternal mice were 
immunized according to the Active Maternal Immunization Assay schedule described above with the 
25 combinations of GBS antigens set forth in Table 6 below. 
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Table 6: Active Maternal Immunization Assay using combinations of 
GBS 80 with GBS 690, GBS 691, GBS 338, GBS 305, GBS 361 and GBS 184 



I Challenge t=56 days 
Type m COH1 lOx LD 50% 



a-GBS 


Alive/treated 


Survival % 


80 + 690 + 691 


26/29 


90 


80 + 690 + 338 


35/40 


87 


80 + 690 + 305 


34/35 


97 


80 + 691 + 305 


37/40 


92 


80 + 338 + 305 


25/30 


83 


80 + 338 + 361 


26/30 


87 


80 + 305+361 


23/30 


77 


80 + 184 + 691 


32/39 


82 


a-PBS 


10/40 


25 



The maternal mice in this model were also mated a second time and the resulting pups 
challenged with the same GBS isolate at a dramatically higher dose (lOOx LD 50%) at t=84 days. As 
in the example above, the parameters of this second, much stronger challenge were outside those of 
the standard Active Maternal Immunization Assay and were meant to probe the limits of the 
immunological memory generated from the original maternal immunization in the mouse model. As 
shown in Table 7, even under these extreme conditions, some of the survival rates remained at or 
above 70%. Surprisingly, the percent survival rates for the combination of GBS 80, GBS 184 and 
GBS 691 actually increased. 

Table 7: Second generation pups challenged with higher dose 





H Challenge t=84 days 




Type m COH1 lOOx LD 50% 


a-GBS 


Alive/treated 


Survival % 


80 + 690 + 691 


19/39 


49 


80 + 690 + 338 


21/30 


70 


80 + 690 + 305 


23/40 


57 


80 + 691 + 305 


22/30 


73 


80 + 338 + 305 


18/30 


60 


80 + 338 + 361 


25/40 


62 


80 + 305+361 


21/30 


70 


80 + 184 + 691 


35/40 


87 


a-PBS 


4/20 


20 
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EXAMPLE 4: Active Ma ternal Im munization Assay using combinations of 
GBS 80 with GBS 690. GBS 691. GBS 338. GBS 305. and GBS 361 
In this example additional combinations of GBS antigens were used in the Active Maternal 

Immunization Assay, this time with a GBS Type V, CJB1 1 1 isolate challenge. In these experiments, 

the challenge dose for the GBS Type V, CJB1 1 1 isolate sufficient to kill 70 - 90% of unimmunized 

pups is approximately equal to 60 x LD 50% (where LD 50% is the statistically derived Median 

Lethal Dose). The maternal mice were immunized according to the Active Maternal Immunization 

Assay schedule described above with the combinations of GBS antigens set forth in Table 8 below. 

As shown in Table 8, in this particular challenge study with this specific Type V strain isolate, the 

survival rates for all of the combinations achieved at least 70%. 



Table 8: Active Maternal Immunization Assay using combinations of GBS 80 
with GBS 690, GBS 691, GBS 338, GBS 305 and GBS 361 



cc-GBS 


I Challenge t=56 days 
Type V CJB111 60x LD 50% 
Alive/treated Survival % 


80 + 690 + 691 


24/30 


80 


80 + 690 + 338 


11/17 


70 


80 + 691 + 338 


7/10 


70 


80 + 691 + 305 


21/30 


70 


80 + 338 + 305 


26/30 


87 


80 + 338 + 361 


26/30 


87 


80 + 305 +361 


28/30 


93 


GBS 80 


21/30 


70 


a-PBS 


5/18 


28 



The maternal mice in this model were also mated a second time and the resulting pups 
challenged with the same GBS isolate at a dramatically higher dose (600x LD 50%) at t=84 days. As 
in the example above, the parameters of this second, much stronger challenge were outside those of 
the standard Active Maternal Immunization Assay and were meant to probe the limits of the 
immunological memory generated from the original maternal immunization in the mouse model. As 
shown in Table 9, even under these extreme conditions, some of the survival rates remained above 
70%. Surprisingly, the percent survival for two of the antigen groups actually increased (GBS 80, 
GBS 690 and GBs 338) and (GBS 80, GBS 691 and GBS 338). 
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Table 9: Second generation pups challenged with higher dose 





II Challenge t=84 days 




Type V CJB111 600x LD 50% 


a-GBS 


Alive/treated 


Survival % 


80 + 690 + 691 


27/37 


73 


80 + 690 + 338 


15/20 


75 


80 + 691 + 338 


27/30 


90 


80 + 691 + 305 


23/40 


57 


80 + 338 + 305 


12/20 


60 


! 80 + 338 + 361 


24/30 


80 


80 + 305 +361 


24/30 


80 


GBS 80 


24/30 


80 


a-PBS 


ND 


ND 



EXAMPLES: Active Ma ternal Imm unization Assay using combinations of 
GBS 80 with GBS 104, GBS 276. and GBS 322 
In this example an additional combination of GBS antigens was used in the Active Maternal 

Immunization Assay, this time with an isolate challenge of different GBS strains. In these 

experiments, the challenge dose for the different GBS strains was sufficient to kill 60 - 90% of 

unimmunized pups and is equal to 10 x LD 50% (where LD 50% is the statistically derived Median 

Lethal Dose). The maternal mice were immunized according to the Active Maternal Immunization 

Assay schedule described above with the combination of GBS 80 antigen with GBS 104, GBS 276, 

and GBS 322 antigens in the GBS strains set forth in Table 10 below. Survival % was observed with 

the GBS combination with two different adjuvants, Alum and Freunds. As shown in Tables 10 and 11, 

in this particular challenge study, the survival rates for the combination in all of the GBS strains 

achieved up to 96%. 
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Table 10: Active Maternal Immunization Assay using combinations of GBS 80 



ALUM 







Mix=322+80+104+276 


PBS 


GBS strains 


Type 


Alive/treated 


Survival % 


Alive/treated 


Survival % 


JM9130013 


vra 


32/36 


89 


18/46 


40 


CJB111 


V 


118/145 


81 


21/110 


19 


COH1 


m 


96/115 


83 


22/104 


21 


M781 


m 


42/52 


81 


18/48 


38 


2603 


V 


79/145 


54 


28/128 


22 


18RS21 


n 


86/186 


46 


24/131 


18 


DK21 


n 


31/140 


22 


28/118 


24 


7357b- 


lb 


25/88 


28 


25/106 


23 


A909 


la 


4/40 


10 


9/60 


15 


090 


la 


2/31 


6 


4/53 


7 


SM053 


vn 


17/54 


31 


4/39 


10 



Table 1 1 : Active Maternal Immunization Assay using combinations of GBS 80 



Freund 


1 Mix=322+80+104+276 


PBS 


GBS strains 


Type 


Alive/treated 


Survival % 


Alive/treated 


Survival % 


JM9130013 


vm 


nd 


nd 


nd 


nd 


CJB111 


V 


47/49 


96 


12/46 


26 


COH1 


m 


47/50 


94 


12/50 


24 


M781 


m 


33/50 


66 


6/50 


12 


2603 


V 


28/30 


93 


8/48 


17 


18RS21 


n 


31/78 


40 


10/46 


22 


DK21 


n 


37/68 


54 


15/60 


25 


H36B 


lb 


8/38 


21 


5/60 


8 


7357b- 


lb 


29/50 


58 


5/50 


10 


A909 


la 


18/49 


37 


6/49 


12 



Accordingly, the invention therefore includes compositions comprising combinations of two 
or more GBS antigens, wherein the combination includes GBS 80 or a fragment thereof or a 
10 polypeptide sequence having sequence identity thereto. 

In one embodiment, the combination may consist of two to thirteen GBS antigens, including 
GBS 80. As an example, the combination may contain GBS 80 and other GBS antigens selected from 
the group consisting of GBS 80, GBS 91, GBS 104, GBS 184, GBS 276, GBS 305, GBS 322, GBS 
330, GBS 338, GBS 361, GBS 404, GBS 690, and GBS 691. Preferably, the combination includes 
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GBS 80 in combination with one or more of GBS 104 and GBS 322. For example, the combination 
may include GBS 80, GBS 104, GBS 322 and GBS 67. 

Instead of the full length antigen, the combination may comprise an immunogenic fragment 
of the selected GBS antigen and/or a polypeptide sequence having sequence identity to the selected 
antigen. 

Preferably, the combination of GBS antigens consists of three, four, five, six, seven, eight, 
nine, or ten GBS antigens. Still more preferably, the combination of GBS antigens consists of three, 
four, or five GBS antigens. 

Details of examples of GBS antigens for use in combination with GBS 80 are set forth below. 

GBS 91 

GBS 91 refers to a GBS C3 binding polypeptide. Nucleotide and amino acid sequences of 
GBS 91 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8937 
and SEQ ID 8938. These sequences are set forth below as SEQ ID NOS 10 and 1 1 : 



SEQ ID NO. 10 

ATGAAAAAAGGACAAGTAAATGATACTAAGCAATCTTACTCTCTACGTAAATATAAATTTGGTTTAGC 
ATCAGTAATTTTAGGGTCATTCATAATGGTCACAAGTCCTGTTTTTGCGGATCAAACTACATCGGTTC 
AAGTTAATAATCAGACAGGCACTAGTGTGGATGCTAATAATTCTTCCAATGAGACAAGTGCGTCAAGT 
GTGATTACTTCCAATAATGATAGTGTTCAAGCGTCTGATAAAGTTGTAAATAGTCAAAATACGGCAAC 
AAAGGACATTACTACTCCTTTAGTAGAGACAAAGCCAATGGTGGAAAAAACATTACCTGAACAAGGGA 
ATTATGTTTATAGCAAAGAAACCGAGGTGAAAAATACACCTTCAAAATCAGCCCCAGTAGCTTTCTAT 
GCAAAGAAAGGTGATAAAGTTTTCTATGACCAAGTATTTAATAAAGATAATGTGAAATGGATTTCATA 
TAAGTCTTTTTGTGGCGTACGTCGATACGCAGCTATTGAGTCACTAGATCCATCAGGAGGTTCAGAGA 
CTAAAGCACCTACTCCTGTAACAAATTCAGGAAGCAATAATCAAGAGAAAATAGCAACGCAAGGAAAT 
TATACATTTTCACATAAAGTAGAAGTAAAAAATGAAGCTAAGGTAGCGAGTCCAACTCAATTTACATT 
GGACAAAGGAGACAGAATTTTTTACGACCAAATACTAACTATTGAAGGAAATCAGTGGTTATCTTATA 
AATCATTCAATGGTGTTCGTCGTTTTGTTTTGCTAGGTAAAGCATCTTCAGTAGAAAAAACTGAAGAT 
AAAGAAAAAGTGTCTCCTCAACCACAAGCCCGTATTACTAAAACTGGTAGACTGACTATTTCTAACGA 
AACAACTACAGGTTTTGATATTTTAATTACGAATATTAAAGATGATAACGGTATCGCTGCTGTTAAGG 
TACCGGTTTGGACTGAACAAGGAGGGCAAGATGATATTAAATGGTATACAGCTGTAACTACTGGGGAT 
GGCAACTACAAAGTAGCTGTATCATTTGCTGACCATAAGAATGAGAAGGGTCTTTATAATATTCATTT 
ATACTACCAAGAAGCTAGTGGGACACTTGTAGGTGTAACAGGAACTAAAGTGACAGTAGCTGGAACTA 
ATTCTTCTCAAGAACCTATTGAAAATGGTTTAGCAAAGACTGGTGTTTATAATATTATCGGAAGTACT 
GAAGTAAAAAATGAAGCTAAAATATCAAGTCAGACCCAATTTACTTTAGAAAAAGGTGACAAAATAAA 
TTATGATCAAGTATTGACAGCAGATGGTTACCAGTGGATTTCTTACAAATCTTATAGTGGTGTTCGTC 
GCTATATTCCTGTGAAAAAGCTAACTACAAGTAGTGAAAAAGCGAAAGATGAGGCGACTAAACCGACT 
AGTTATCCCAACTTACCTAAAACAGGTACCTATACATTTACTAAAACTGTAGATGTGAAAAGTCAACC 
T AAAGTATCAAGT CCAGT GGAAT TTAATT T TCAAAAGGGT GAAAAAATACAT TAT GATCAAGT GTT AG 

TAGTAGATGGTCATCAGTGGATTTCATACAAGAGTTATTCCGGTATTCGTCGCTATATTGAAATT 
SEQ ID NO. 11 

MKKGQVND TKQSYSLRKYKFGLASVILGSFIMVTSPVFA DOTTSVOVNNOTaTRVnAWMBHMF.Tgacic; 
VITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEKTLPEQGNYVYSKETEVKNTPSKSAPVAFY 
AKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIESLDPSGGSETKAPTPVTNSGSNNQEKIATQGN 
YTFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEGNQWLSYKSFNGVRRFVLLGKASSVEKTED 
KEKVSPQPQARITKTGRLTISNETTTGFDILITNIKDDNGIAAVKVPVWTEQGGQDDIKWYTAVTTGD 
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GNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTKVTVAGTNSSQEPIENGLAKTGVYNIIGST 
EVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYKSYSGVRRYIPVKKLTTSSEKAKDEATKPT 
SYPNXPKr GTYTFTKTVDVKSQPKVSSPVEFNFQKGEKIHYDQVLWDGHQWISYKSYSGIRRYIEI 

5 GBS 91 contains an N-terminal leader or signal sequence region which is indicated by the 

underlined sequence at the beginning of SEQ ID NO: 1 1 above. In one embodiment, one or more 
amino acids from this leader or signal sequence region of GBS 91 are removed. An example of such 
a GBS 91 fragment is set forth below as SEQ ID NO: 12. 



10 SEQ ID NO: 12 

DQTTSVQVNNQTGTSVDANNSSNETSASSVITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEK 
TLPEQGNYVYSKETEVKNTPSKSAPVAFYAKKGDKVFYDQVFNKDNVBCWISYKSFCGVRRYAAIESLD 
PSGGSETKAPTPVTNSGSNNQEKIATQGNYTFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEG 
NQWLSYKS FNGVRRFVLLGKASSVEKTEDKEKVSPQPQARITKTGRLTISNETTTGFDILITNIKDDN 
15 GIAAVKVPVWTEQGGQDDIKWYTAVTTGDGNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTK 
VTVAGTNSSQEPIENGLAKTGVYNIIGSTEVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYK 
SYSGVRRYI PVKKLTTSSEKAKDEATKPTSYPNLPKTGTYTFTKTVDVKSQPKVSSPVEFNFQKGEKI 
H YDQ VL WDGHQW I S YKS YS G I RRYI E I 

20 GBS 91 contains a C-terminal transmembrane region which may be located within the 

underlined region near the end of SEQ ID NO: 1 1 above. In one embodiment, one or more amino 
acids from the transmembrane and cytoplasmic regions are removed. An example of such a GBS 91 
fragment is set forth below as SEQ ID NO: 13. 



25 SEQIDNO: 13 

MKKGQVNDTKQSYSLRKYKFGLASVILGSFIMVTSPVFADQTTSVQVNNQTGTSVDANJSISSNETSASS 
VITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEKTLPEQGNYVYSKETEVKNTPSKSAPVAFY 
AKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIESLDPSGGSETKAPTPVTNSGSNNQEKIATQGN 
YTFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEGNQWLSYKSFNGVRRFVLLGKASSVEKTED 
30 KEKVSPQPQARITKTGRLTISNETTTGFDILITNIKDDNGIAAVKVPVWTEQGGQDDIKWYTAVTTGD 
GNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTKVTVAGTNSSQEPIENGLAKTGVYNIIGST 
EVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYKSYSGVRRYIPVKKLTTSSEKAKDEATKPT 
SYPNLPKTG 

35 GBS 9 1 contains an amino acid motif indicative of a cell wall anchor: SEQ ID NO: 14 

LTKTG (shown in italics in SEQ ID NO: 1 1 above). In one embodiment, both the transmembrane 
domain and the cell wall anchor motif are removed from GBS 91 . An example of such a GBS 91 
fragment is set forth below as SEQ ID NO: 15. 



40 SEQ ID NO: IS 

MKKGQVNDTKQSYSLRKYKFGLASVILGSFIMVTSPVFADQTTSVQVNNQTGTSVDANNSSNETSASS 
VITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEKTLPEQGNYVYSKETEVKNTPSKSAPVAFY 
AKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIESLDPSGGSETKAPTPVTNSGSNNQEKIATQGN 
YTFSHKVEVKNEAKVASPTQFTLDKGDRI FYDQILTIEGNQWLSYKSFNGVRRFVLLGKASSVEKTED 
45 KEKVSPQPQARITKTGRLTISNETTTGFDILITNIKDDNGIAAVKVPVWTEQGGQDDIKWYTAVTTGD 
GNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTKVTVAGTNSSQEPIENGLAKTGVYNIIGST 
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EVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYKSYSGVRRYIPVKKLTTSSEKAKDEATKPT 
SYPN 

la one embodiment, one or more amino acids from the leader or signal sequence region and 
5 one or more amino acids from the transmembrane and cytoplasmic regions are removed from the GBS 
91 sequence. An example of such a GBS 91 fragment is set forth below as SEQ ID NO: 16. 



SEQIDNO: 16 

DQTTSVQVNNQTGTSVDANNSSNETSASSVITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEK 
10 TLPEQGNYVYSKETEVKNTPSKSAPVAFYAKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIESLD 
PSGGSETKAPTPVTNSGSNNQEKIATQGblYTFSKKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEG 
1STQWLSYKS FNGVRRFVLLGBCASSVEKTEDKEKVSPQPQARITKTGRLTISNETTTGFDILITNIKDDN 
GIAAVKVPVWTEQGGQDDIKWYTAVTTGDGNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTK 
VTVAGTNSSQEPIENGLAKTGVYNIIGSTEVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYK 
15 SYSGVRRYIPVKKLTTSSEKAKDEATKPTSYPNLPKTG 

In another embodiment, the leader or signal sequence region, the transmembrane and 
cytoplasmic regions, and the cell wall anchor motif are all removed from the GBS 91 sequence. An 
example of such a GBS 91 fragment is set forth below as SEQ ID NO: 17. 



SEQIDNO: 17 

DQTTSVQVNNQTGTSVDANNSSNETSASSVITSNNDSVQASDKWNSQNTATKDITTPLVETKPMVEK 
TLPEQGNYVYSKETEVKNTPSKSAPVAFYAKKGDKVFYDQVFNKDNVKWISYKSFCGVRRYAAIESLD 
PSGGSETKAPTPVTNSGSNNQEKIATQGNYTFSHKVEVKNEAKVASPTQFTLDKGDRIFYDQILTIEG 
25 1SIQWLS YKS FNGVRRFVLLGKAS S VEKTEDKEKVS PQPQARI TKTGRLT I SNETTTGFDILITNI KDDN 
GIAAVKVPVWTEQGGQDDIKWYTAVTTGDGNYKVAVSFADHKNEKGLYNIHLYYQEASGTLVGVTGTK 
VTVAGTNSSQEPIENGLAKTGVYNIIGSTEVKNEAKISSQTQFTLEKGDKINYDQVLTADGYQWISYK 
SYSGVRRYIPVKKLTTSSEKAKDEATKPTSYPN 

30 Further information regarding GBS 91 can be found in WO 01/25440 (C3 binding 

polypeptide), WO 01/32882 (ID-65), WO 02/31 156 (BVH) and Reinscheid et al., Microbiology 
(2002) 148: 3245-3254 (bsp gene), each of which are incorporated herein by reference in their 
entirety. 



35 GBS 104 

GBS 104 refers to a putative cell wall surface anchor family protein. It has been referred to as 
emaA protein. Nucleotide and amino acid sequences of GBS 104 sequenced from serotype V isolated 
strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8777 and SEQ ID 8778. These sequences are set 
forth below as SEQ ID NOS 18 and 19: 
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SEQ ID NO. 18 

ATGAAAAAGAGACAAAAAATATGGAGAGGGTTATCAGTTACTTTACTAATCCTGTCCCAAATTCCATT 
TGGTATATTGGTACAAGGTGAAACCCAAGATACCAATCAAGCACTTGGAAAAGTAATTGTTAAAAAAA 
5 C GGGAGACAATGCTACACCATTAGGCAAAGCGACTTTTGTGTTAAAAAATGACAATGATAAGTCAGAA 
ACAAGTCACGAAACGGTAGAGGGTTCTGGAGAAGCAACCTTTGAAAACATAAAACCTGGAGACTACAC 
ATTAAGAGAAGAAACAGCACCAATTGGTTATAAAAAAACTGATAAAACCTGGAAAGTTAAAGTTGCAG 
ATAACGGAGCAACAATAATCGAGGGTATGGATGCAGATAAAGCAGAGAAACGAAAAGAAGTTTTGAAT 
GCCCAATATCCAAAATCAGCTATTTATGAGGATACAAAAGAAAATTACCCATTAGTTAATGTAGAGGG 
10 T TCCAAAGTTGGTGAACAATACAAAGCATTGAATCCAATAAATGGAAAAGATGGTCGAAGAGAGATTG 
CTGAAGGTTGGTTATCAAAAAAAATTACAGGGGTCAATGATCTCGATAAGAATAAATATAAAATTGAA 
TTAACTGTTGAGGGTAAAACCACTGTTGAAACGAAAGAACTTAATCAACCACTAGATGTCGTTGTGCT 
A."XTAijATAATT(JAAAT'AGTATGAATAATGAAAGAGCCAATAATTCTCAAAGAGCATTAAAAGCTGGGG 
AAGCAGTTGAAAAGCTGATTGATAAAATTACATCAAATAAAGACAATAGAGTAGCTCTTGTGACATAT 
15 GCCTCAACCATTTTTGATGGTACTGAAGCGACCGTATCAAAGGGAGTTGCCGATCAAAATGGTAAAGC 
GCTGAATGATAGTGTATCATGGGATTATCATAAAACTACTTTTACAGCAACTACACATAATTACAGTT 
ATTTAAATTTAACAAATGATGCTAACGAAGTTAATATTCTAAAGTCAAGAATTCCAAAGGAAGCGGAG 
CATATAAATGGGGATCGCACGCTCTATCAATTTGGTGCGACATTTACTCAAAAAGCTCTAATGAAAGC 
AAATGAAATTTTAGAGACACAAAGTTCTAATGCTAGAAAAAAACTTATTTTTCACGTAACTGATGGTG 
20 TCCCTACGATGTCTTATGCCATAAATTTTAATCCTTATATATCAACATCTTACCAAAACCAGTTTAAT 
TCTTTTTTAAATAAAATACCAGATAGAAGTGGTATTCTCCAAGAGGATTTTATAATCAATGGTGATGA 
TTATCAAATAGTAAAAGGAGATGGAGAGAGTTTTAAACTGTTTTCGGATAGAAAAGTTCCTGTTACTG 
GAGGAACGACACAAGCAGCTTATCGAGTACCGCAAAATCAACTCTCTGTAATGAGTAATGAGGGATAT 
GCAATTAATAGTGGATATATTTATCTCTATTGGAGAGATTACAACTGGGTCTATCCATTTGATCCTAA 
25 GACAAAGAAAGTTTCTGCAACGAAACAAATCAAAACTCATGGTGAGCCAACAACATTATACTTTAATG 
GAAATATAAGACCTAAAGGTTATGACATTTTTACTGTTGGGATTGGTGTAAACGGAGATCCTGGTGCA 
ACTCCTCTTGAAGCTGAGAAATTTATGCAATCAATATCAAGTAAAACAGAAAATTATACTAATGTTGA 
TGATACAAATAAAATTTATGATGAGCTAAATAAATACTTTAAAACAATTGTTGAGGAAAAACATTCTA 
TTGTTGATGGAAATGTGACTGATCCTATGGGAGAGATGATTGAATTCCAATTAAAAAATGGTCAAAGT 
30 TTTACACATGATGATTACGTTTTGGTTGGAAATGATGGCAGTCAATTAAAAAATGGTGTGGCTCTTGG 
TGGACCAAACAGTGATGGGGGAATTTTAAAAGATGTTACAGTGACTTATGATAAGACATCTCAAACCA 
TCAAAATCAATCATTTGAACTTAGGAAGTGGACAAAAAGTAGTTCTTACCTATGATGTACGTTTAAAA 
GATAACTATATAAGTAACAAATTTTACAATACAAATAATCGTACAACGCTAAGTCCGAAGAGTGAAAA 
AGAACCAAATACTATTCGTGATTTCCCAATTCCCAAAATTCGTGATGTTCGTGAGTTTCCGGTACTAA 
35 CCATCAGTAATCAGAAGAAAATGGGTGAGGTTGAATTTATTAAAGTTAATAAAGACAAACATTCAGAA 
TCGCTTTTGGGAGCTAAGTTTCAACTTCAGATAGAAAAAGATTTTTCTGGGTATAAGCAATTTGTTCC 
AGAGGGAAGTGATGTTACAACAAAGAATGATGGTAAAATTTATTTTAAAGCACTTCAAGATGGTAACT 
ATAAATTATATGAAATTTCAAGTCCAGATGGCTATATAGAGGTTAAAACGAAACCTGTTGTGACATTT 
ACAATTCAAAATGGAGAAGTTACGAACCTGAAAGCAGATCCAAATGCTAATAAAAATCAAATCGGGTA 
40 TCTTGAAGGAAATGGTAAACATCTTATTACCAACACTCCCAAACGCCCACCAGGTGTTTTTCCTAAAA 
CAGGGGGAATTGGTACAATTGTCTATATATTAGTTGGTTCTACTTTTATGATACTTACCATTTGTTCT 
TTCCGTCGTAAACAATTG 

SEQ ID NO. 19 

45 MKKRQKIWRGLSVTLLILSQIPFGILVQ GETQDTNOALGKVIVKKTGnNATPT.nKATPOT.K-MnMnygF. 
T S HETVEGSGEAT FENI KPGD YTLREETAPI GYKKTDKTWKVKVADNGAT HE GMDADKAEKRKE VLN 
AQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIE 
LTVEGKTTVETKELNQPLDVWLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVALVTY 
ASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAE 

50 HINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPYISTSYQNQFN 
SFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGY 
AINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGA 
TPLEAEKFMQSISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQS 
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FTHDDYVLVGNDGSQLKNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKWLTYDVRLK 
DNYISNKFYNTNNRTTLSPKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE 
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEVKTKPWTF 
T I QNGE VTNLKADPN ANKNQI G YLEGNGKHL I TN T PKRPPGVFPKTGGIGTIV YI LVGS T FMILT ICS 
FRRKQL — — 

GBS 104 contains an N-tenninal leader or signal sequence region which is indicated by the 
underlined sequence at the beginning of SEQ ID NO 19 above. In one embodiment, one or more 
amino acid sequences from the leader or signal sequence region of GBS 104 are removed. An 
example of such a GBS 104 fragment is set forth below as SEQ ID NO 20. 



SEQ ID NO 20 

GETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSETSHETVEGSGEATFENIKPGDYTLREET 
API GYKKTDKTWKVKVADNGAT 1 1 EGMDADKAEKRKE VLNAQ YPKS AI YE DTKEN YPLVNVEGSKVGE 

QYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVWLLDNSN 
SMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVALVTYASTIFDGTEATVSKGVADQNGKALNDSV 
SWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILE 
TQSSNARKKLIFHVTDGVPTMSYAINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFIINGDDYQIVK 
GDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVS 
ATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDDTNKI 
YDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPNSD 
GGI LKDVT VT YDKT S QT IKINHLNLGSGQKWLT YDVRLKDN YI SNKFYNTNNRTTLS PKSEKEPNT I 

RDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGSDV 
TTKNDGKIYFKALQDGNYBO.YEISSPDGYIEVKTKPWTFTIQNGEVTNLKADPNANKNQIGYLEGNG 
KHLITNTPKRPPGVFPKTGGIGTIVYILVGSTFMILTICSFRRKQL 

GBS 104 contains a C-terminal transmembrane and/or cytoplasmic region which is indicated 
by the underlined region near the end of SEQ ID NO 1 9 above. In one embodiment, one or more 
amino acids from the transmembrane or cytomplasmic regions are removed. An example of such a 
GBS 104 fragment is set forth below as SEQ ID NO 21 . 



SEQ ID NO: 21 

MKKRQKIWRGLSVTLLILSQIPFGILVQGETQDTNQALGKVIVKKTGDNATPLGKATFVLKNDNDKSE 
TSHETVEGSGEATFENIKPGDYTLREETAPIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLN 
AQYPKSAIYEDTKENYPLVNVEGSKVGEQYKALNPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIE 
LTVEGKTTVETKELNQPLDWVLLDNSNSMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVALVTY 
ASTIFDGTEATVSKGVADQNGKALNDSVSWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAE 
HINGDRTLYQFGATFTQKALMKANEILETQSSNARKKLIFHVTDGVPTMSYAINFNPYISTSYQNQFN 
SFLNKIPDRSGILQEDFIINGDDYQIVKGDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGY 
AINSGYIYLYWRDYNWVYPFDPKTKKVSATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGA 
TPLEAEKFMQSISSKTENYTNVDDTNKIYDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQS 
FTHDDYVLVGNDGSQLKNGVALGGPNSDGGILKDVTVTYDKTSQTIKINHLNLGSGQKWLTYDVRLK 
DNYI SNKFYNTNNRTTLS PKSEKEPNTIRDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSE 
SLLGAKFQLQIEKDFSGYKQFVPEGSDVTTKNDGKIYFKALQDGNYKLYEISSPDGYIEVKTKPWTF 
TIQNGEVTNLKADPNANKNQIGYLEGNGKHLITNT 
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la one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic regions are removed. An example 
of such a GBS 104 fragment is set forth below as SEQ ID NO 22. 



5 SEQ ID NO: 22 

GETQDTNQALGKVIVKKTGDNATPLGBCATFVLKNDNDKSETSHETVEGSGEATFENIKPGDYTLREET 
APIGYKKTDKTWKVKVADNGATIIEGMDADKAEKRKEVLNAQYPKSAIYEDTKENYPLVNVEGSKVGE 
QYKALMPINGKDGRREIAEGWLSKKITGVNDLDKNKYKIELTVEGKTTVETKELNQPLDVWLLDNSN 
SMNNERANNSQRALKAGEAVEKLIDKITSNKDNRVALVTYASTIFDGTEATVSKGVADQNGKALNDSV 

10 SWDYHKTTFTATTHNYSYLNLTNDANEVNILKSRIPKEAEHINGDRTLYQFGATFTQKALMKANEILE 
TQSSNA^KKLIFHVTDGVPTMSYAINFNPYISTSYQNQFNSFLNKIPDRSGILQEDFII^7GDDYQIVK 
GDGESFKLFSDRKVPVTGGTTQAAYRVPQNQLSVMSNEGYAINSGYIYLYWRDYNWVYPFDPKTKKVS 
ATKQIKTHGEPTTLYFNGNIRPKGYDIFTVGIGVNGDPGATPLEAEKFMQSISSKTENYTNVDDTNKI 
YDELNKYFKTIVEEKHSIVDGNVTDPMGEMIEFQLKNGQSFTHDDYVLVGNDGSQLKNGVALGGPNSD 

15 GGILKDVTVTYDKTSQTIKINHLNLGSGQKWLTYDVRLKDNYISNKFYNTNNRTTLSPKSEKEPNTI 
RDFPIPKIRDVREFPVLTISNQKKMGEVEFIKVNKDKHSESLLGAKFQLQIEKDFSGYKQFVPEGSDV 
TTKNDGKIYFKALQDGNYKLYEISSPDGYIEVKTKPWTFTIQNGEVTNLKADPNANKNQIGYLEGNG 
KHLITNT 

20 In other embodiments, additional fragments of GBS 104 are provided including an 830 amino 

acid fragment of GBS 104 of amino acids 28-858, a 359 amino acid fragment of GBS 104 of amino 
acids 28-387, a 581 amino acid fragment of GBS 104 of amino acids 28-609, or a 740 amino acid 
fragment of GBS 104 of amin o acids 28-768. 



25 GBS 184 

GBS 184 refers to a putative lipoprotein. Nucleotide and amino acid sequences of GBS 184 
sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 1977 and SEQ 
ID 1978. These sequences are also set forth below as SEQ ID NOS 23 and 24. 



30 SEQ ID NO: 23 

AT GAAAAAAC AAAAAC T AT TACT GCT TAT T GG AGGC T TAT T AAT AAT GAT AAT GAT G AC AGCAT GT AA 
GGATTCAAAAATCCCAGAAAACCGCACAAAGGAAGAGTACCAAGCTGAACAAAATTTTAAACCGTTTT 
T TGAGT TT TTAGCACAAAAAGATAAAGAT TTGAGC AAAATACAAAAAT ACT TACT ATT AGTATCGGAT 
T C AGGT GAT G CAT T AGAT T T AGAAT AT T T C T AT AGT AT T C AAGAT T T AAAAAAAAAT AAGG AT T T AGG 
35 GAAGTTTGAAACAAGAAAAAGTCAAATAGAAAAGCCGGGTGGCTATAATGAGTTAGAAAATAAAGAGG 
T C C CAT T T G AAT AT T T T AAAAAT AAT AT AGT T TAT C C AAAAGGAAAACC GAAT AT T AC AT T T GAT G AC 
TTTATTATCGGAGCAATGGATACTAAAGAATTAAAAGAATTAAAAAAATTAAAAGTAAAAAGTTATTT 
AT TAAAACAT CC GGAAAC T GAG T T GAAAG AT AT AAC AT AT GAAT T G C CGAC AC AGT C G AAGC T TAT T A 
AAAAA 

40 

SEQ ID NO: 24 

MKKQKLIjLLIGGLLIMIMMTAC KDSKI PENRTKEEYOAEONFKPFFEFLAOKDKDLSKIOKYT.T.T.V.sn 
SGDALDXiEYFYSIQDLKKNKDLGKFETRKSQIEKPGGYNELENKEVPFEYFKNNIVYPKGKPNITFDD 
FIIGAMDTKELKELKKLKVKSYLLKHPETELKDITYELPTQSBCLIKK 

45 
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GBS 184 contains a N-terminal leader or signal sequence region which is indicated by the 
underlined sequence at the beginning of SEQ ID NO 24, above. Li one embodiment, one or more 
amino acids from the leader or signal sequence are removed from GBS 184. An example of such a 
GBS 1 84 fragment is set forth below as SEQ ID NO: 25. 

5 

SEQ ID NO: 25 

KDSKI PENRTKEE YQAEQNFKPFFE FLAQKDKDL SKIQKYLLLVS DS GDAL DLEYFYS I QDLKKNKDL 
GKFETRKSQIEKPGGYNELENKEVPFEYFKNNIVYPKGKPNITFDDFIIGAMDTKELKELKKLKVKSY 
LLKHPETELKDITYELPTQSKLIKK 

10 

GBS 276 

GBS 276 refers to a C5a peptidase. Nucleotide and amino acid sequences of GBS 276 
sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8941 and SEQ 
ID 8942. These sequences are set forth below as SEQ ID NOS 26 and 27: 

15 

SEQ TD NO. 26 

TTGCGTAAAAAACAAAAACTACCATTTGATAAACTTGCCATTGCGCTTATATCTACGAGCATCTTGCT 
CAATGCACAATCAGACATTAAAGCAAATACTGTGACAGAAGACACTCCTGCTACCGAACAAGCCGTAG 
AACCCCCACAACCAATAGCAGTTTCTGAGGAATCACGATCATCAAAGGAAACTAAAACCTCACAAACT 

20 CCTAGTGATGTAGGAGAAACAGTAGCAGATGACGCTAATGATCTAGCCCCTCAAGCTCCTGCTAAAAC 
T GC T GAT AC AC C AGC AACCT C AAAAGCG ACT AT T AGGGAT T T GAAC GACC CTT CT CAT GT C AAAACC C 
T GC AGGAAAAAGC AGGC AAGGGAG C T G GGACC G T T GT TGC AGT GAT T GAT GCT GGT T T T GAT AAAAAT 
CATGAAGCGTGGCGCTTAACAGACAAAACTAAAGCACGTTACCAATCAAAAGAAAATCTTGAAAAAGC 
TAAAAAAGAGCACGGTATTACCTATGGCGAGTGGGTCAATGATAAGGTTGCTTATTACCACGACTATA 

25 GTAAAGATGGTAAAAACGCTGTTGATCAAGAACACGGCACACACGTGTCAGGGATCTTGTCAGGAAAT 
GCTCCATCTGAAATGAAAGAACCTTACCGCCTAGAAGGTGCGATGCCTGAGGCTCAATTGCTTTTGAT 
GCGT GTCGAAATTGTAAATGGACTAGCAGACTATGCTCGTAACTACGCTCAAGCTATCAGAGATGCTG 
TCAACTTGGGAGCTAAGGTGATTAATATGAGCTTTGGTAATGCTGCACTAGCTTACGCCAACCTTCCA 
GACGAAACCAAAAAAGCCTTTGACTATGCCAAATCAAAAGGTGTTAGCATTGTGACCTCAGCTGGTAA 

30 TGATAGTAGCTTTGGGGGCAAGCCCCGTCTACCTCTAGCAGATCATCCTGATTATGGGGTGGTTGGGA 
CACCTGCAGCGGCAGATTCAACATTGACAGTTGCTTCTTACAGCCCAGATAAACAGCTCACTGAAACT 
GCTACGGTCAAAACAGACGATCATCAAGATAAAGAAATGCCTGTTATTTCAACAAACCGTTTTGAGCC 
AAACAAGGCTTACGACTATGCTTATGCTAATCGTGGTACGAAAGAGGATGATTTTAAGGATGTCGAAG 
GTAAGATTGCCCTTATTGAACGTGGCGATATTGATTTCAAAGATAAGATTGCAAACGCTAAAAAAGCT 

35 GGTGCTGTAGGGGTCTTGATCTATGACAATCAAGACAAGGGCTTCCCGATTGAATTGCCAAATGTTGA 
CCAGATGCCTGCGGCCTTTATCAGTCGAAGAGACGGTCTCTTATTAAAAGACAATCCCCCAAAAACCA 
TTACCTTCAATGCGACACCTAAGGTATTGCCAACAGCAAGTGGCACCAAACTAAGCCGCTTCTCAAGC 
TGGGGTCTGACAGCTGACGGCAATATTAAACCGGATATTGCAGCACCCGGCCAAGATATTTTGTCATC 
AGTGGCTAACAACAAGTATGCCAAACTTTCTGGAACTAGTATGTCTGCACCATTGGTAGCGGGTATCA 

40 T G G G A.C T GT T GC AAAAGCAAT AT GAGAC ACAGT AT C CT G AT ATGAC AC CAT C AG AG C GT CT T G AT TT A 
GCTAAGAAAGTATTGATGAGCTCAGCAACTGCCCTATATGATGAAGATGAAAAAGCTTATTTTTCTCC 
TCGCCAACAGGGAGCAGGAGCAGTCGATGCTAAAAAAGCTTCAGCAGCAACGATGTATGTAACAGATA 
AGGACAATACCTCAAGCAAGGTTCACCTGAACAATGTTTCTGATAAATTTGAAGTAACAGTAACAGTT 
CACAACAAATCTGATAAACCTCAAGAGTTGTATTACCAAGTAACTGTTCAAACAGATAAAGTAGATGG 

45 AAAACACTTTGCCTTGGCTCCTAAAGCATTGTATGAGACATCATGGCAAAAAATCACAATTCCAGCCA 
ATAGCAGCAAACAAGTCACCGTTCCAATCGATGCTAGTCGATTTAGCAAGGACTTGCTTGCCCAAATG 
AAAAA.TGGCTATTTCTTAGAAGGTTTTGTTCGTTTCAAACAAGATCCTACAAAAGAAGAGCTTATGAG 
CATTCCATATATTGGTTTCCGAGGTGATTTTGGCAATCTGTCAGCCTTAGA2\AAACCAATCTATGATA 
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GCAAAGACGGTAGCAGCTACTATCATGAAGCAAATAGTGATGCCAAAGACCAATTAGATGGTGATGGA 

TTACAGTTTTACGCTCTGAAAAATAACTTTACAGCACTTACCACAGAGTCTAACCCATGGACGATTAT 

TAAAGCTGTCAAAGAAGGGGTTGAAAACATAGAGGATATCGAATCTTCAGAGATCACAGAAACCATTT 

TTGCAGGTACTTTTGCAAAACAAGACGATGATAGCCACTACTATATCCACCGTCACGCTAATGGCAAA 

CCATATGCTGCGATCTCTCCAAATGGGGACGGTAACAGAGATTATGTCCAATTCCAAGGTACTTTCTT 

GCGTAATGCTAAAAACCTTGTGGCTGAAGTCTTGGACAAAGAAGGAAATGTTGTTTGGACAAGTGAGG 

TAACCGAGCAAGTTGTTAAAAACTACAACAATGACTTGGCAAGCACACTTGGTTCAACCCGTTTTGAA 

AAAACGCGTTGGGACGGTAAAGATAAAGACGGCAAAGTTGTTGCTAACGGAACCTACACCTATCGTGT 

TCGCTACACGCCGATTAGCTCAGGTGCAAAAGAACAACACACTGATTTTGATGTGATTGTAGACAATA 

CGACACCTGAAGTCGCAACATCGGCAACATTCTCAACAGAAGATAGTCGTTTGACACTTGCATCTAAA 

CCAAAAACCAGCCAACCGGTTTACCGTGAGCGTATTGCTTACACTTATATGGATGAGGATCTGCCAAC 

AACAGAGTATATTTCTCCAAATGAAGATGGTACCTTTACTCTTCCTGAAGAGGCTGAAACAATGGAAG 

GCGCTACTGTTCCATTGAAAATGTCAGACTTTACTTATGTTGTTGAAGATATGGCTGGTAACATCACT 

TATACACCAGTGACTAAGCTATTGGAGGGCCACTCTAATAAGCCAGAACAAGACGGTTCAGATCAAGC 

ACCAGACAAGAAACCAGAAGCTAAACCAGAACAAGACGGTTCAGGTCAAACACCAGATAAAAAAAAAG 

AAACTAAACCAGAAAAAGATAGTTCAGGTCAAACACCAGGTAAAACTCCTCAAAAAGGTCAATCTTCT 

CGTACTCTAGAGAAACGATCTTCTAAGCGTGCTTTAGCTACAAAAGCATCAACAAGAGATCAGTTACC 

AACGACTAATGACAAGGATACAAATCGTTTACATCTCCTTAAGTTAGTTATGACCACTTTCTTCTTGG 
GA 

SEQ ED ISO. 27 

MRKKQKIiPFDKLAIALISTSILLNA QSDIKANTVTEDTPATEOAVF.PPOPTAVaF.F.SPHgTfR'rK-Tgo'P 

PSDVGETVADDANDLAPQAPAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTWAVIDAGFDKN 
HE AWRL T DKT KARYQS KENLEKAKKEHG I T YGEWVNDK VAYYH D YS KDGKNAVDQEHGTHVS G I LS GN 
AP S EMKE P YRLE GAMPE AQLLLMRVE I VNGLAD YARN YAQAI RDAVNLGAKVI NMS FGNAALAYANL P 
DETKKAFDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGWGTPAAADSTLTVASYSPDKQLTET 
ATVKTDDHQDKEMPVISTNRFEPNICAYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKA 
GAVGVLIYDNQDKGFPIELPNVDQMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRFSS 
WGLTADGNIKPDIAAPGQDILSSVANNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDL 
AKKVLMSSATALYDEDEBCAYFSPRQQGAGAVDAKKASAATMYVTDKDNTSSKVHLNNVSDKFEVTVTV 
HNKSDKPQELYYQVTVQTDKVDGKHFALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQM 
KNGYFLEGFVRFKQDPTKEELMSIPYIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDG 
LQFYALKNNFTALTTESNPWTIIKAVKEGVENIEDIESSEITETIFAGTFAKQDDDSHYYIHRHANGK 
PYAAI S PNGDGNRDYVQFQGTFLRNAKNLVAEVLDKEGNWWTSEVTEQWKNYNNDLASTLGSTRFE 
KTRWDGKDKDGPCWANGTYTYRVRYTPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSRLTLASK 
PKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVPLKMSDFTYWEDMAGNIT 
YTPVTKLLEGHSNKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSS 
RTLEKRS S KRALAT KAS TRDQL PT TN DKDTNRLHLLKL VMTT FFLG 

GBS 276 contains an N-tenninal leader or signal sequence region which is indicated by the 
underlined sequence at the beginning of SEQ ID NO: 27 above. In one embodiment, one or more 
amino acids from the leader or signal sequence region of GBS 276 are removed. An example of such 
a GBS 276 fragment is set forth below as SEQ ID NO: 28. 
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SEQ ID NO: 28 

QSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADDANDLAPQAPAKTAD 
TPATSKATIRDLNDPSHVKTLQEKAGKGAGTWAVIDAGFDKNHEAWRLTDKTKARYQSKENLEKAKK 
EHGITYGEWVNDKVAYYHDYSKDGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMRV 
EIVNGLADYARNYAQAIRDAVNLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDS 
SFGGKPRLPLADHPDYGWGTPAAADSTLTVASYSPDKQLTETATVKTDDHQDKEMPVISTNRFEPNK 
AYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNVDQM 
PAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRFSSWGLTADGNIKPDIAAPGQDILSSVA 
NNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDLAKKVLMSSATALYDEDEKAYFSPRQ 
QGAGAVDAKKASAATMYVTDKDNTSSKVHLNNVSDKFEVTVTVHNKSDKPQELYYQVTVQTDKVDGKH 
FALAPKAIiYETS WQKIT I PANS SKQVTVPI DA8RFSKDLLAQMKNGYFLEGFVRFKQDPTKEELMS IP 
YIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLQFYALKNNFTALTTESNPWTIIKA 
VKEGVENIEDIESSEITETIFAGTFAKQDDDSHYYIHRHANGKPYAAISPNGDGNRDYVQFQGTFLRN 
AKNLVAEVLDKEGNWWTSEVTEQWKNYNNDLASTLGSTRFEKTRWDGKDKDGKWANGTYTYRVRY 
TPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSRLTLASKPKTSQPVYRERIAYTYMDEDLPTTE 
YISPNEDGTFTLPEEAETMEGATVPLKMSDFTYWEDMAGNITYTPVTKLLEGHSNKPEQDGSDQAPD 

KKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSSRTLEKRSSKRALATKASTRDQLPTT 
NDKDTNRLHLLKLVMTTFFLG 

GBS 276 contains a C-terminal transmembrane and/br cytoplasmic region which is indicated 
by the underlined sequence near the end of SEQ ID NO: 27 above. In one embodiment, one or more 
amino acids from the transmembrane or cytoplasmic regions of GBS 276 are removed. An example 
of such a GBS 276 fragment is set forth below as SEQ ID NO: 29. 



SEQ ID NO: 29 

MRKKQKLPFDKLAIALISTSILLNAQSDIPCANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQT 
PSDVGETVADDANDLAPQAPAKTADTPATSKATIRDLNDPSHVKTLQEKAGKGAGTWAVIDAGFDKN 
HEAWRLTDKTKARYQSKENLEKAKKEHGITYGEWVNDKVAYYHDYSKDGKNAVDQEHGTHVSGILSGN 
APS EMKE P YRLE GAMPEAQLLLMRVE I VNGLAD YARN YAQAI RDAVNLGAKVI NMS FGNAALA YANL P 

DETKKAFDYAKSKGVSIVTSAGNDSSFGGKPRLPLADHPDYGWGTPAAADSTLTVASYSPDKQLTET 
ATVKTDDHQDKEMPVISTNRFE PNKAYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKA 
GAVGVLIYDNQDKGFPIELPNVDQMPAAFISRRDGLLLKDNPPKTITFNATPKVLPTASGTKLSRFSS 
WGLTADGNIKPDIAAPGQDILSSVANNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDL 
AKKVLMS SATALYDE DEKAYFS PRQQGAGAVDAKKASAATMYVTDKDNTS SKVHLNNVS DKFEVTVTV 
HNKSDKPQELYYQVTVQTDKVDGKHFALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQM 
KNGYFLEGFVRFKQDPTKEELMSIPYIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDG 
LQFYALKNNFTALTTESNPWTIIKAVKEGVENIEDIESSEITETIFAGTFAKQDDDSHYYIHRHANGK 
PYAAISPNGDGNRDYVQFQGTFLRNAKNLVAEVLDKEGNWWTSEVTEQVVBCNYNNDLASTLGSTRFE 
KTRWDGKDKDGKWANGTYTYRVRYTPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSRLTLASK 
PKTSQPVYRERIAYTYMDEDLPTTEYISPNEDGTFTLPEEAETMEGATVPLKMSDFTYWEDMAGNIT 

YTPVTKLLEGHSNKPEQDGSDQAPDKKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSS 
RTLEKRS SKRALATK 

In one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic regions of GBS 276 are removed. 
An example of such a GBS 276 fragment is set forth below as SEQ ID NO: 30. 
SEQ ID NO: 30 
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QSDIKANTVTEDTPATEQAVEPPQPIAVSEESRSSKETKTSQTPSDVGETVADDANDLAPQAPAKTAD 
TPATSKATIRDLNDPSHVKTLQEKAGKGAGTWAVIDAGFDKNHEAWRLTDKTKARYQSKENLEKAKK 
EHGITYGEWVNDKVAYYHDYSKDGKNAVDQEHGTHVSGILSGNAPSEMKEPYRLEGAMPEAQLLLMRV 
EIVNGLADYARNYAQAIRDAVNLGAKVINMSFGNAALAYANLPDETKKAFDYAKSKGVSIVTSAGNDS 
5 S FGGKPRL PLADHPDYGWGT PAAADS TLTVAS YS PDKQLTETATVKT DDHQDKEMPVI STNRFEPNK 

AYDYAYANRGTKEDDFKDVEGKIALIERGDIDFKDKIANAKKAGAVGVLIYDNQDKGFPIELPNVDQM 
PAAFI S RRDGLLLKDN PPKT IT FNAT PKVLPTAS GTKLS RFS S WGLTADGNI KPDI AAPGQDI LS S VA 

NNKYAKLSGTSMSAPLVAGIMGLLQKQYETQYPDMTPSERLDLAKKVLMSSATALYDEDEKAYFSPRQ 
QGAGAVDAKKAS AATM YVT DKDNTSS KVHLNNVS DKFEVTVTVHNKS DKPQELYYQVTVQTDKVDGKH 

10 FALAPKALYETSWQKITIPANSSKQVTVPIDASRFSKDLLAQMKNGYFLEGFVRFKQDPTKEELMSIP 
YIGFRGDFGNLSALEKPIYDSKDGSSYYHEANSDAKDQLDGDGLQFYALKNNFTALTTESNPWTIIKA 
VKEGVENIEDIESSEITETIFAGTFAKQDDDSHYYIHRHANGKPYAAISPNGDGNRDYVQFQGTFLRN 
AKNLVAEVLDKEGNWWTSEVTEQWKNYNNDLASTLGSTRFEKTRWDGKDKDGKWANGTYTYRVRY 
TPISSGAKEQHTDFDVIVDNTTPEVATSATFSTEDSRLTLASKPKTSQPVYRERIAYTYMDEDLPTTE 

15 YISPNEDGTFTLPEEAETMEGATVPLKMSDFTYWEDMAGNITYTPVTKLLEGHSNKPEQDGSDQAPD 
KKPEAKPEQDGSGQTPDKKKETKPEKDSSGQTPGKTPQKGQSSRTLEKRSSKRALATK 

Further description of GBS 276 can be found in the following references: Qi Chen et al., 
"Immunization with C5a Peptidase or Peptidase-Type in Polysaccharide conjugate Vaccines 

20 Enhances Clearance of Group B Streptococci from Lungs of Infected Mice", Infection and Immunity 
(2002) 70 (1 1):6409 - 6415; Beckmann et al., "Identification of Novel Adhesions from Group B 
Streptococci by Use of Phage Display Reveals that C5a Peptidase Mediates Fibronectin Binding" 
Infection and Immunity (2002) 70(6):2869 - 2876; Cheng et al., "The Group B Streptococcal C5a 
Peptidase Is Both a Specific Protease and an Invasin" Infection and Immunity (2002) 70(5) 2408 - 

25 241 3; and Cheng et al., "Antibody against Surface-Bound C5a Peptidase Is Opsonic and Initiates 
Macrophage Killing of Group B Streptococci" Infection and Immunity (2001) 69(4):2302 - 2308. 

GBS 305 

GBS 305 refers to a UDP-N-acetylmuramoylalanine--D-glutamate ligase, also referred to 
30 as Mur D. Nucleotide and amino acid sequences of GBS 305 sequenced from serotype V isolated 

strain 2603 V/R are set forth in Ref. 2 as SEQ ID 207 and SEQ ID 208. These sequences are set forth 
below as SEQ ID NOS 31 and 32: 



SEQ BO NO. 31 

35 ATGGGACGAGTAATGAAAACAATAACAACATTTGAAAATAAAAAAGTTTTAGTCCTTGGTTTAGCACG 
ATCTGGAGAAGCTGCTGCACGTTTGTTAGCTAAGTTAGGAGCAATAGTGACAGTTAATGATGGCAAAC 
CATTTGATGAAAATCCAACAGCACAGTCTTTGTTGGAAGAGGGTATTAAAGTGGTTTGTGGTAGTCAT 
CCTTTAGAATTGTTAGATGAGGATTTTTGTTACATGATTAAAAATCCAGGAATACCTTATAACAATCC 
TATGGTCAAAAAAGCATTAGAAAAACAAATCCCTGTTTTGACTGAAGTGGAATTAGCATACTTAGTTT 

40 CAGAATCTCAGCTAATAGGTATTACAGGCTCTAACGGGAAAACGACAACGACAACGATGATTGCAGAA 
GTCTTAAATGCTGGAGGTCAGAGAGGTTTGTTAGCTGGGAATATCGGCTTTCCTGCTAGTGAAGTTGT 
TCAGGCTGCGAATGATAAAGATACTCTAGTTATGGAATTATCAAGTTTTCAGCTAATGGGAGTTAAGG 
AATTTCGTCCTCATATTGCAGTAATTACTAATTTAATGCCAACTCATTTAGATTATCATGGGTCTTTT 
GAAGATTATGTTGCTGCAAAATGGAATATCCAAAATCAAATGTCTTCATCTGATTTTTTGGTACTTAA 

45 TTTTAATCAAGGTATTTCTAAAGAGTTAGCTAAAACTACTAAAGCAACAATCGTTCCTTTCTCTACTA 
CGGAAAAAGTTGATGGTGCTTACGTACAAGACAAGCAACTTTTCTATAAAGGGGAGAATATTATGTCA 
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GTAGATGACATTGGTGTCCCAGGAAGCCATAACGTAGAGAATGCTCTAGCAACTATTGCGGTTGCTAA 
ACTGGCTGGTATCAGTAATCAAGTTATTAGAGAAACTTTAAGCAATTTTGGAGGTGTTAAACACCGCT 
TGCAATCACTCGGTAAGGTTCATGGTATTAGTTTCTATAACGACAGCAAGTCAACTAATATATTGGCA 
ACTCAAAAAGCATTATCTGGCTTTGATAATACTAAAGTTATCCTAATTGCAGGAGGTCTTGATCGCGG 
5 TAATGAGTTTGATGAATTGATACCAGATATCACTGGACTTAAACATATGGTTGTTTTAGGGGAATCGG 
CATCTCGAGTAAAACGTGCTGCACAAAAAGCAGGAGTAACTTATAGCGATGCTTTAGATGTTAGAGAT 
GCGGTACATAAAGCTTATGAGGTGGCACAACAGGGCGATGTTATCTTGCTAAGTCCTGCAAATGCATC 
ATGGGACATGTATAAGAATTTCGAAGTCCGTGGTGATGAATTCATTGATACTTTCGAAAGTCTTAGAG 
GAGAG 

10 

SEQ ID NO. 32 

MGRVMKT ITTFENKKVLVLGLARSGEAAARLLAKLGAIVTVNDGKPFDENPTAQSLLEEGIKVVCGSH 
PLELLDEDFCYMIKNPGIPYNNPMVKKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAE 
VLNAGGQRGLLAGNIGFPASEWQAANDKDTLVMELSSFQLMGVKE FRPHIAVITNLMPTHLDYHGSF 
15 EDYVAAKWNXQNQMSSSDFLVLNFNQGISKELAKTTKATIVPFSTTEKVDGAYVQDKQLFYKGENIMS 
VDDIGVPGSHNVENALATIAVAKLAGISNQVIRETLSNFGGVKHRLQSLGKVHGISFYNDS KSTNILA 
TQKALSGFDNTKVILIAGGLDRGNEFDELIPDITGLKHMWLGESASRVKRAAQKAGVTYSDALDVRD 
AVHKAYEVAQQGDVI LLS PANASWDMYKNFE VRGDE FI DT FESLRGE 

20 GBS 305 contains an N-terminal leader or signal sequence region which is indicated by the 

underlined sequence at the beginning of SEQ ID NO: 32 above. In one embodiment, one or more 
amino acids from the leader or signal sequence region are removed from GBS 305. An example of 
such a GBS 305 fragment is set forth below as SEQ ID NO: 33. 



25 SEQ ro NO: 33 

ITTFENKKVLVLGLARSGEAAARLLAKLGAIVTVNDGKPFDENPTAQSLLEEGIKWCGSHPLELLDE 
DFCYMIKNPGIPYTSTNPI^KKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAEVLNAGGQ 
RGLLAGNIGFPASEWQAANDKDTLVMELSSFQLMGVKEFRPHIAVITNLMPTHLDYHGSFEDYVAAK 
WNIQNQMSSS DFLVLNFNQGISKELAKTTBCATIVPFSTTEKVDGAYVQDKQLFYKGENIMSVDDIGVP 
30 GSHNVENALATIAVAKLAGISNQVIRETLSNFGGVKHRLQSLGKVHGISFYNDSKSTNILATQKALSG 
FDNTKVILIAGGLDRGNEFDELIPDITGLKHMVVLGESASRVKRAAQKAGVTYSDALDVRDAVHKAYE 
VAQQGDVI LL S PANAS WDMYKNFE VRGDE FI DT FE SLRGE 

GBS 305 contains a C-terminal transmembrane or cytoplasmic region indicated by the 
35 underlined sequence near the end of SEQ ID NO: 32 above. In one embodiment, one or more amino 
acids from the transmembrane or cytomplasmic regions are removed from GBS 305. An example of 
such a GBS 305 fragment is set forth below as SEQ ID NO: 34. 



SEQ ID NO: 34 

40 MGRVMKTITTFENKKVLVLGLARSGEAAARLLAKLGAIVTVNDGKPFDENPTAQSLLEEGIKVVCGSH 
PLELLDEDFCYMIKNPGIPYNNPMVKKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAE 
VLNAGGQRGLLAGNIGFPASEVVQAANDKDTLVMELSSFQLMGVKE FRPHIAVITNLMPTHLDYHGSF 
EDYVAAKWNIQNQMSSSDFLVLNFNQGISKELAKTTKATIVPFSTTEKVDGAYVQDKQLFYKGENIMS 
VDDIGVPGSHNVENALATIAVAKLAGISNQVIRETLSNFGGVKHRLQSLGKVHGISFYNDSK 

45 
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In one embodiment one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic regions are removed from GBS 305. 
An example of such a GBS 305 fragment is set forth below as SEQ ID NO: 35. 



5 SEQ ID NO: 35 

ITTFENKKVLVLGLARSGEAAARLLAKLGAIVTVNDGKPFDENPTAQSLLEEGIKWCGSHPLELLDE 
DFCYTyilKNPGIPYNNPMVKKALEKQIPVLTEVELAYLVSESQLIGITGSNGKTTTTTMIAEVLNAGGQ 
RGLLAGNIGFPASEWQAANDKDTLVMELSSFQLMGVKEFRPHIAVITNLMPTHLDYHGSFEDYVAAK 
WNIQNQMSSSDFLVLNFNQGISKELAKTTKATIVPFSTTEKVDGAYVQDKQLFYKGENIMSVDDIGVP 
1 0 GS HN VENALAT I AVAKLAGI SNOVI RETLSNFGGVKHRLQSLGKVHGI S FYNDSK 

GBS 322 

GBS 322 refers to a surface immunogenic protein, also referred to as "sip". Nucleotide and 
amino acid sequences of GBS 322 sequenced from serotype V isolated strain 2603 V/R are set forth in 
15 Ref. 2 as SEQ ID 8539 and SEQ ID 8540. These sequences are set forth below as SEQ ID NOS 36 
and 37: 



SEQ ID NO, 36 

ATGAATAAAAAGGTACTATTGACATCGACAATGGCAGCTTCGCTATTATCAGTCGCAAGTGTTCAAGC 

20 ACAAGAAACAGATACGACGTGGACAGCACGTACTGTTTCAGAGGTAAAGGCTGATTTGGTAAAGCAAG 
AC AAT AAAT CAT CAT AT AC T G T G AAAT AT GGT GAT AC ACT AAGC GT T ATT T C AGAAGC AAT GT CAAT T 
GAT AT GAAT GT C T T AGC AAAAAT AAAT AAC AT T GC AGAT AT C AAT CT T AT T TAT CC T G AGAC AAC AC T 
GAC AGT AACTT ACGATC AGAAGAGTCATACT GCC ACT T CAAT GAAAAT AGAAACACC AGCAACAAAT G 
CTGCTGGTCAAACAACAGCTACTGTGGATTTGAAAACCAATCAAGTTTCTGTTGCAGACCAAAAAGTT 

25 T CT C T CAAT AC AAT T T C GGAAGG TAT G AC ACC AG AAGC AGCAAC AAC GAT T GT T T C G C CAAT GAAG AC 
AT AT TCTTCTGC GC C AG C T T T GAAAT C AAAAG AAGT AT T AGC AC AAG AG C AAGC T GT T AGT C AAGC AG 
C AGC T AAT G AACAGGT AT C AC C AGCT C C T GT G AAGT C GAT T ACT TC AGAAGT T C C AG C AGCT AAAGAG 
GAAGTTAAACCAACTCAGACGTCAGTCAGTCAGTCAACAACAGTATCACCAGCTTCTGTTGCCGCTGA 
AACACCAGCTCCAGTAGCTAT^AGTAGCACCGGTAAGAACTGTAGCAGCCCCTAGAGTGGCAAGTGTTA 

30 AAGTAGTCACTCCTAAAGTAGAAACTGGTGCATCACCAGAGCATGTATCAGCTCCAGCAGTTCCTGTG 
ACTACGACTTCACCAGCTACAGACAGTAAGTTACAAGCGACTGAAGTTAAGAGCGTTCCGGTAGCACA 
AAAAGCTCCAACAGCAACACCGGTAGCACAACCAGCTTCAACAACAAATGCAGTAGCTGCACATCCTG 
AAAATGCAGGGCTCCAACCTCATGTTGCAGCTTATAAAGAAAAAGTAGCGTCAACTTATGGAGTTAAT 
GAATTCAGTACATACCGTGCGGGAGATCCAGGTGATCATGGTAAAGGTTTAGCAGTTGACTTTATTGT 

35 AGGT ACT AAT CAAGCACT T GGT AAT AAAGT TGCACAGT ACT CT ACACAAAAT AT GGC AGC AAAT AAC A 

TTTCATATGTTATCTGGCAACAAAAGTTTTACTCAl^ATACAAACAGTATTTATGGACCTGCTAATACT 

TGGAATGCAATGCCAGATCGTGGTGGCGTTACTGCCAACCACTATGACCACGTTCACGTATCATTTAA 

CAAATAATATAAAAAAGGAAGCTATTTGGCTTCTTTTTTATATGCCTTGAATAGACTTTCAAGGTTCT 
TATA T AAT TTT TAT T A 

40 

SEQ ID NO. 37 

MNKKVLLTSTMAASLLSVASVQAQETDTTWTARTVSEVKA DLVKQDNKSSYTVKYGDTLSVISEAMSI 

DMNVLAKINNIADINLIYPETTLTVTYDQKSHTATSMKIETPATNAAGQTTATVDLKTNQVSVADQKV 

SLNTISEGMTPEAATTIVSPMKTYSSAPALKSKEVLAQEQAVSQAAANEQVSPAPVKSITSEVPAAKE 

45 EVKPTQTSVSQSTTVSPASVAAETPAPVAKVAPVRTVAAPRVASVKVVTPKVETGASPEHVSAPAVPV 

TTTSPATDSKLQATEVKSVPVAQKAPTATPVAQPASTTNAVAAHPENAGLQPHVAAYKEKVASTYGVN 

EFSTYRAGDPGDHGKGLAVDFIVGTNQALGNKVAQYSTQNMAANNISYVIWQQKFYSNTNSIYGPANT 
WNAM PDRGGVTANH YDHVHVS FNK 
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GBS 322 contains anN-tenninal leader or signal sequence region which is indicated by the 
underlined sequence near the beginning of SEQ ID NO: 37. In one embodiment, one or more amino 
acids from the leader or signal sequence region of GBS 322 are removed. An example of such a GBS 
5 322 fragment is set forth below as SEQ ED NO: 38. 



SEQ ID NO: 38 

DLVKQDNKSSYTVKYGDTLSVISEAMSIDMNVLAKINNIADINLIYPETTLTVTYDQKSHTATSMKIE 
TPATNAAGQTTATVDLKTNQVSVADQKVSLNTISEGMTPEAATTIVSPMKTYSSAPALKSKEVLAQEQ 
10 AVSQAAANEQVS PAPVKS IT3EVPAAKEEVKPTQTSVSQSTTVS PASVAAETPAPVAKVAPVRTVAAP 
RVASVKWTPKVETGASPEHVSAPAVPVTTTSPATDSKLQATEVKSVPVAQKAPTATPVAQPASTTNA 
VAAHPENAGLQPHVAAYKEKVASTYGVNEFSTYRAGDPGDHGKGLAVDFIVGTNQALGNKVAQYSTQN 
MAANN I S YV I WQQKFYSNTN S I YG P ANT WNAMP DRGGVT ANHYDRVHVS FNK 

15 GBS 330 

GBS 330 refers to a pyruvate kinase, also referred to as "pyk". Nucleotide and amino acid 
sequences of GBS 330 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as 
SEQ ID 8791 and SEQ ID 8792. These sequences are set forth below as SEQ ID NOS 39 and 40: 



20 SEQ ID NO. 39 

ATGAATAAACGCGTAAT^AATCGTTGCAACACTTGGTCCTGCGGTTGAATTCCGTGGTGGTAAGAAGTT 
TGGTGAGTCTGGATACTGGGGTGAAAGCCTTGACGTAGAAGCTTCAGCAGAAAAAATTGCTCAATTGA 
TTAAAGAAGGTGCTAACGTTTTCCGTTTCAACTTCTCACATGGAGATCATGCTGAGCAAGGAGCTCGT 
ATGGCTACTGTTCGTAAAGCAGAAGAGATTGCAGGACAI^AAAGTTGGCTTCCTCCTTGATACTAAAGG 

25 ACCTG AAAT T CGT AC AG AACT T T T TG AAG AT GGT GC AGAT T T CC AT T C AT AT AC AAC AGGT AC AAAAT 
TACGTGTTGCTACTAAGCAAGGTATCAAATCAACTCCAGAAGTGATTGCATTGAATGTTGCTGGTGGA 
CTTGACATCTTTGATGACGTTGAAGTTGGTAAGCAAATCCTTGTTGATGATGGTAAACTAGGTCTTAC 
TGTGTTTGCAAAAGATAAAGACACTCGTGAATTTGAAGTAGTTGTTGAGAATGATGGCCTTATTGGTA 
AACAAAAAGGTGTAAACATCCCTTATACTAAAATTCCTTTCCCAGCACTTGCAGAACGCGATAATGCT 

30 GATATCCGTTTTGGACTTGAGCAAGGACTTAACTTTATTGCTATCTCATTTGTACGTACTGCTAAAGA 
T GT TAAT GAAGT T CGT GCT AT TTGTGAAGAAACTGGSMATGGACACGTTAAGTTGTTTGCT AAAAT TG 
AAAAT C AAC AAGGT AT CGAT AAT ATT GAT G AGATT AT C GAAGC AGCAG AT GGT ATT AT GAT T GC T CGT 
GGT GAT AT GGGT AT C GAAGT T CCAT T T G AAAT GGT T CC AGT T T ACC AAAAAAT GAT CAT T ACT AAAGT 
T AAT GC AGC T GGT AAAG CAGT T AT T AC AGC AAC AAAT ATGCT T GAAAC AAT G ACT GAT AAACC ACGT G 

35 CGACTCGTTCAGAAGTATCTGATGTCTTCAATGCTGTTATTGATGGTACTGATGCTACAATGCTTTCA 
GGT GAGTCAGCTAAT GGT AAAT ACCCAGTTGAGT CAGT TCGTACAATGGCT AC TATTGATAAAAATGC 
TCAAACATTACTCAATGAGTATGGTCGCTTAGACTCATCTGCATTCCCACGTAATAACAAAACTGATG 
TTATTGCATCTGCGGTTAAAGATGCAACACACTCAATGGATATCAAACTTGTTGTAACAATTACTGAA 
ACAGGTAATACAGCTCGTGCCATTTCTAAATTCCGTCCAGATGCAGACATTTTGGCTGTTACATTTGA 

40 TGAAA2VAGTACAACGTTCATTGATGATTAACTGGGGTGTTATCCCTGTCCTTGCAGACAAACCAGCAT 
CTACAGATGATATGTTTGAGGTTGCAGAACGTGTAGCACTTGAAGCAGGATTTGTTGAATCAGGCGAT 
AATATCGTTATCGTTGCAGGTGTTCCTGTAGGTACAGGTGGAACTAACACAATGCGTGTTCGTACTGT 
TAAA 
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SEQ ID NO. 40 

MNKRVKIVATLGPAVEFRGGKKFGESGYWGESLDVEASAEKIAQLIKEGANVPRFNFSHGDHAEQGAR 

MATVRKAEEIAGQKVGFLLDTKGPEIRTELFEDGADFHSYTTGTKLRVATKQGIKSTPEVIALNVAGG 

5 LDIFDDVEVGKQILVDDGKLGLTVFAKDKDTREFEVWENDGLIGKQKGVNIPYTKIPFPALAERDNA 

DI RFGLEQGLNFIAI S FVRTAKDVNEVRAI CEETGXGHVKLFAKIENQQGIDNI DEI I EAADGIMI AR 

GDMGIEVPFEIWPVYQKMIITKVNAAGKAVITATNMLETMTDKPRATRSEVSDVFNAVIDGTDATMLS 

GESANGKYPVESVRTMATIDKNAQTLLNEYGRLDSSAFPRNNKTDVIASAVKDATHSMDIKLWTITE 

TGNTARAISKFRPDADILAVTFDEKVQRSLMINWGVIPVLADKPASTDDMFEVAERVALEAGFVESGD 
10 NIVIVAGVPVGTGGTNTMRVRTVK 



GBS 338 

GBS 338 refers to a Sat D protein. Nucleotide and amino acid sequences of GBS 338 
sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8637 and SEQ 
15 ID 8638. These sequences are set forth below as SEQ ID NOS 41 and 42: 



SEQ ID NO. 41 

TTGTCTGCTATAATAGACAAAAAGGTGGTGATATTTATGTATTTAGCATTAATCGGTGATATCATTAA 
TTCAAAACAGATACTTGAACGTGAAACTTTCCAACAGTCTTTTCAGCAACTAATGACCGAACTATCTG 

20 ATGTATATGGTGAAGAGCTGATTTCTCCATTCACTATTACAGCTGGTGATGAATTTCAAGCTTTATTG 
AAACCATCAAAAAAGGTATTTCAAATTATTGACCATATTCAACTAGCTCTAAAACCTGTTAATGTAAG 
GTTCGGCCTCGGTACAGGAAACATTATAACATCCATCAATTCAAATGAAAGTATCGGTGCTGATGGTC 
CTGCCTACTGGCATGCTCGCTCAGCTATTAATCATATACATGATAAAAATGATTATGGAACAGTTCAA 
GTAGCTATTTGCCTTGATGATGAAGACCAAAACCTTGAATTAACACTAAATAGTCTCATTTCAGCTGG 

25 TGATTTTATCAAGTCAAAATGGACTACAAACCATTTTCAAATGCTTGAGCACTTAATACTTCAAGATA 
ATTATCAAGAACAATTTCAACATCAAAAGTTAGCCCAACTGGAAAATATTGAACCTAGTGCGCTGACT 
AAACGCCTTAAAGCAAGCGGTCTGAAGATTTACTTAAGAACGAGAACACAGGCAGCCGATCTATTAGT 
TAAAAGTTGCACTCAAACTAAAGGGGGAAGCTATGATTTC 

30 SEQ ID NO. 42 

MSMIDKKVVIFMYLAL I GDI INS KQI LERET FQQS FQQLMTELSDVYGEELI S PFT I TAGDEFQALL 
KPSKKVFQIIDHIQLALKPVNVRFGLGTGNIITSINSNESIGADGPAYWHARSAINHIHDKNDYGTVQ 
VAICLDDEDQNLELTLNSLISAGDFIKSKWTTNHFQMLEHLILQDNYQEQFQHQKLAQLENIEPSALT 
KRLKASGLKIYLRTRTQAADLLVKSCTQTKGGSYDF 

35 

GBS 338 may contain an N-terminal leader or signal sequence region which is indicated by 
the underlined sequence at the beginning of SEQ ED NO: 42 above. In one embodiment, one or more 
amino acids from the leader or signal sequence region are removed from GBS 338. An example of 
such a GBS 338 fragment is set forth below as SEQ ID NO: 43. 

40 

SEQ ID NO: 43 

MYLALIGDIINSKQILERETFQQSFQQLMTELSDVYGEELISPFTITAGDEFQALLKPSKKVFQIIDH 

IQLALKPVNVRFGLGTGNIITSINSNESIGADGPAYWHARSAINHIHDKNDYGTVQVAICLDDEDQNL 

ELTLNSLISAGDFIKSKWTTNHFQMLEHLILQDNYQEQFQHQKLAQLENIEPSALTKRLKASGLKIYL 
45 RTRTQAADLLVKSCTQTKGGSYDF 



-30- 



WO 2005/028618 



PCT/US2004/030032 



GBS 361 

GBS 361 refers to a cyll protein. Nucleotide and amino acid sequences of GBS 361 
sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8769 and SEQ 
ID 8770. These sequences are set forth below as SEQ ID NOS 44 and 45: 



SEQ ID NO. 44 

ATGAGCGTATATGTTAGTGGAATAGG2\ATTATTTCTTCTTTGGGAAAGAATTATAGCGAGCATAAACA 
GCATCTCTTCGACTTAAAAGAAGGAATTTCT2\AACATTTATATAAAAATCACGACTCTATTTTAGAAT 
CTTATACAGGAAGCATAACTAGTGACCCAGAGGTTCCTGAGCAATACAAAGATGAGACACGTAATTTT 
AAATTTGCTTTTACCGCTTTTGAAGAGGCTCTTGCTTCTTCAGGTGTTAATTT2VAAAGCTTATCATAA 
TATTGCTGTGTGTTTAGGGACCTCACTTGGGGGAAAGAGTGCTGGTCA2^AATGCCTTGTATC2\ATTTG 
AAGAAG G AGAGCGT CAAGT AGAT GCT AGTT T AT T AGAAAAAGC AT CT GT T T AC CAT AT T GCT GAT GAA 
TTGATGGCTTATCATGATATTGTGGGAGCTTCGTATGTTATTTCAACCGCCTGTTCTGCAAGTAATAA 
TGCCGTAATATTAGGAACACAATTACTTCAAGATGGCGATTGTGATTTAGCTATTTGTGGTGGCTGTG 
15 AT GAGT T AAGT GAT AT T T C T T T AGC AGGCT T C AC AT C ACT AGGAGCT AT T AAT AC AGAAAT GGC AT GT 
CAGCCCTATTCTTCTGGAAAAGGAATCAATTTGGGTGAGGGCGCTGGTTTTGTTGTTCTTGTCAAAGA 
TCAGTCCTTAGCTAAATATGGAAAAATTATCGGTGGTCTTATTACTTCAGATGGTTATCATATAACAG 
CACCTAAGCCAACAGGTGAAGGGGCGGCACAGATTGCAAAGCAGCTAGTGACTCAAGCAGGTATTGAC 
T ACAGTGAGAT TGACT ATATTAACGGT CACGGT ACAGGTACT C AAGCT AATGATAAAAT GGAAAAAAA 
20 TATGTATGGTAAGTTTTTCCCGACAACGACATTGATCAGCAGTACCAAGGGGCAAACGGGTCATACTC 
TAGGGGCTGCAGGTATTATCGAATTGATTAATTGTTTAGCGGCAATAGAGGAACAGACTGTACCAGCA 
ACT AAAAAT GAGAT T GGGAT AGAAGGT T T T CC AGAAAAT T T T GT CT AT CAT CAAAAGAGAGAAT ACC C 
AATAAGAAATGCTTTAAATTTTTCGTTTGCTTTTGGTGGAAATAATAGTGGTGTCTTATTGTCATCTT 
TAGATTCACCTCTAGAAACATTACCTGCTAGAGAAAATCTTAAAATGGCTATCTTATCATCTGTTGCT 
25 TCCATTTCTAAGAATGAATCACTTTCTATAACCTATGAAAAAGTTGCTAGTAATTTCAACGACTTTGA 
AGC AT T ACGCT T T AAAG GGGC T AGAC C ACC C AAAACT GT CAAC CC AGCAC AAT T T AGG AAAAT GGAT G 
ATTTTTCCAAAATGGTTGCCGTAACAACAGCTCAAGCACTAATAGAAAGCAATATTAATCTAAAAAAA 
C AAGAT AC T T C AAAAGT AGGAAT T GT AT T T AC AAC AC T T T C T GGAC CAGT T GAGG T T GT TGAAGGT AT 
T GAAAAGCAAAT C AC AAC AGAAGGAT AT G CACAT GT T T CT GCT T CAC GAT T CCC GT T T AC AGT AAT GA 
30 AT GCAGCAGCTGGTATGCTTTCTATCATTTTT AAAAT AACAGGTCCTTTATCTGTCATTTCGACAAAT 
AGT GGAGC G CT T GAT GGT AT AC AAT AT GC C AAGG AAAT GAT GCGT AAC GAT AAT C TAGACT AT GT GAT 
TCTTGTTTCTGCTAATCAGTGGACAGACATGAGTTTTATGTGGTGGCAACAATTAAACTATGATAGTC 
AAATGTTTGTCGGTTCTGATTATTGTTCAGCACAAGTCCTCTCTCGTCAAGCATTGGATAATTCTCCT 
AT AAT AT T AGGT AGT AAAC AAT T AAAAT AT AGC C AT AAAAC AT T CAC AGAT GT GAT GAC TAT T T T T GA 
35 TGCTGCGCTTCAAAATTTATTATCAGACTTAGGACTAACCATAAAAGATATCAAAGGTTTCGTTTGGA 
ATGAGCGGAAGAAGGCAGTTAGTTCAGATTATGATTTCTTAGCGAACTTGTCTGAGTATTATAATATG 
CCAAACCTTGCTTCTGGTCAGTTTGGATTTTCATCTAATGGTGCTGGTGAAGAACTGGACTATACTGT 
TAATGAAAGTATAGAAAAGGGCTATTATTTAGTCCTATCTTATTCGATCTTCGGTGGTATCTCTTTTG 
CTATTATTGAAAAAAGG 

40 

SEQ ID NO. 45 

MSVYV SGIGIISSLGKNYSEHKQHLFDLKEGISKHLYKNHDSILESYTGSITSDPEVPEQYKDETRNF 
KFAFTAFEEALASSGVNLKAYHNIAVCLGTSLGGKSAGQNALYQFEEGERQVDASLLEKASVYHIADE 
LMAYHDIVGASYVISTACSASNNAVILGTQLLQDGDCDLAICGGCDELSDISLAGFTSLGAINTEMAC 

45 QPYSSGKGINLGEGAGFWLVKDQSLAKYGKIIGGLITSDGYHITAPKPTGEGAAQIAKQLVTQAGID 
YSEIDYI1SIGHGTGTQANDKMEKNMYGKFFPTTTLISSTKGQTGHTLGAAGIIELINCLZVAIEEQTVPA 
TKNEIGIEGFPENFVYHQKREYPIRNALNFSFAFGGNNSGVLLSSLDSPLETLPARENLKMAILSSVA 
SISKNESLSITYEKVASNFNDFEALRFKGARPPKTVNPAQFRI^DDFSKMVAVTTAQALIESNINLKK 
QDTSKVGIVFTTLSGPVEVVEGIEKQITTEGYAHVSASRFPFTVMNAAAGMLSIIFKITGPLSVISTN 

50 SGALDGIQYAKEMMRNDNLDYVILVSANQ 
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I ILGSKQLKYSHKTFTDVMTIFDAALQNLLSDLGLTIKDIKGFVWNERKI^VSSDYDFLANLSEYYNM 
PNLASGQFGFSSNGAGEELDYTVNESIEKGYYLVLSYSIFGGISFAIIEKR 

GBS 361 may contain an N~terminal leader or signal sequence region which is indicated by 
the underlined sequence at the beginning of SEQ ID NO: 45 above. In one embodiment, one or more 
5 amino acids from the leader or signal sequence region are removed from GBS 361 . An example of 
such a GBS 361 fragment is set forth below as SEQ ID NO: 46. 



SEQ ID NO: 46 

VS GI GI I S SLGKN YSEHKQHLFDLKEGI SKHLYKNHDS ILES YTGS ITS DPEVPEOYKDETRNFKFAF 
10 TAFEEALASSGVNLKAYHNIAVCLGTSLGGKSAGQNALYQFEEGERQVDASLLEKASVYHIADELMAY 
HDIVGASYVISTACSASNNAVILGTQLLQDGDCDLAICGGCDELSDISLAGFTSLGAINTEMACQPYS 
SGKGINLGEGAGFWLVKDQSLAKYGKIIGGLITSDGYHITAPKPTGEGAAQIAKQLVTQAGIDYSEI 
DYINGHGTGTQANDKMEKNMYGKFFPTTTLISSTKGQTGHTLGAAGIIELINCLAAIEEQTVPATKNE 
IGIEGFPENFVYHQKREYPIRNALNFSFAFGGNNSGVLLSSLDSPLETLPARENLKMAILSSVASISK 
15 NESLSITYEKVASNFNDFEALRFKGARPPKTVNPAQFRKMDDFSKMVAVTTAQALIESNINLKKQDTS 
KVGIVFTTLSGPVEWEGIEKQITTEGYAHVSASRFPFTVMNAAAGMLSIIFKITGPLSVISTNSGAL 
DGIQYAKEIYDYIRNDNLDYVILVSAN 

SKQLKYSHKTFTDVMTIFDAALQNLLSDLGLTIKDIKGFVWNERKKAVSSDYDFLANLSEYYNMPNLA 
SGQFGFSSNGAGEELDYTVNESIEKGYYLVLSYSIFGGISFAIIEKR 

20 

GBS 404 

Nucleotide and amino acid sequences of GBS 404 sequenced from serotype V isolated strain 
2603 V/R are set forth in Ref. 2 as SEQ ID 8799 and SEQ ID 8800. These sequences are set forth 
below as SEQ ID NOS 47 and 48: 

25 

SEQ ID NO, 47 

AT GAAAAT AG AT G AC CT AAG AAAAAGCG ACAAT GT T GAAGAT C GT C GCT CC AGT AGCGGAGGTT C ATT 
CTCTAGCGGAGGAAGTGGATTACCGATTCTTCAACTTTTATTGCTGCGAGGGAGTTGGAAAACCAAGC 
TTGTGGTTTTAATCATCTTACTGCTACTTGGCGGAGGGGGACTAACCAGCATTTTTAATGACTCATCC 

30 TCACCTTCTAGTTACCAATCTCAGAATGTCTCACGTTCTGTTGATAATAGCGCAACGAGAGAACAAAT 
CGATTTCGTTAATAAAGTCCTTGGCTCAACTGAGGATTTCTGGTCACAAGAATTCCAAACCCAAGGTT 
TTGGAAATTATAAGGAACCAAAACTTGTTCTTTACACCAATTCAATTCAAACAGGTTGTGGTATAGGT 
GAAT CT GCT T C AGG AC C AT TTT AT T GT T C AG C AGAT AAAAAAATC T AT CT T GAT AT T T C T T T T TAC AA 
TGAATTATCACATAAATATGGTGCTACTGGTGATTTTGCTATGGCCTACGTCATCGCCCACGAAGTTG 

35 GT C ACC AC AT TCAAAC AG AGT T AGG CAT TAT GG AT AAGT AT AAT AGAAT G CGAC AC GG ACTT ACT AAG 
AAAGAAGCAAATGCTTTAAATGTTCGGCTAGAACTTCAAGCAGATTATTATGCAGGGGTATGGGCTCA 
CTACATCAGGGGAAAAAATCTCTTAGAACAAGGAGACTTTGAAGAGGCCATGAATGCTGCCCACGCCG 
TCGGAGACGATACCCTTCAGAAAGAAACCTACGGAAAATTAGTGCCTGATAGCTTTACCCATGGAACA 
GCTGAACAACGCCAACGTTGGTTTAACAAAGGCTTTCAATATGGTGACATCCAACACGGTGATACTTT 

40 CT CCGTAGAACATCTA 

SEQ ID NO. 48 

MKT DDLRKS DNVEDRRS S SGGS FS SGGSGLPILQLLLLRGSWKTKLWLI ILLLLGGGGLTS I FNDS S 
SPSSYQSQNVSRSVDNSATREQIDFVNKVLGSTEDFWSQEFQTQGFGNYKEPKLVLYTNSIQTGCGIG 
45 ESASGPFYCSADKKIYLDISFYNELSHKYGATGDFAMAYVIAHEVGHHIQTELGIMDKYNRMRHGLTK 
KEANALNVRLELQADYYAGVWAHYIRGKNLLEQGDFEEAMNAAHAVGDDTLQKETYGKLVPDSFTHGT 
AEQRQRWFNKGFQYGDIQHGDTFSVEKL 
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GBS 690 

Nucleotide and amino acid sequences of GBS 690 sequenced from serotype V isolated strain 
2603 V/R are set forth in Ref. 2 as SEQ ID 9965 and SEQ ID 9966. These sequences are set forth as 
SEQ ID NOS 49 and 50 below: 



SEQ ID NO. 49 

AT GAGT AAACGAC AAAAT T T AGGAATT AGT AAAAAAGGAGCAAT T AT ATCAGGGCTCTCAGTGGCACT 

AATTGTAGTAATAGGTGGCTTTTTATGGGTACAATCTCAACCTAATAAGAGTGCAGTAAAAACTAACT 

ACAAAGTTTTTAATGTTAGAGAAGGAAGTGTTTCGTCCTCAACTCTTTTGACAGGAAAAGCTAAGGCT 

AAT CAAGAACAGT AT GTGT ATT T T GAT GCT AAT AAAGGT AAT CGAGCAACT GT CAC AGTT AAAGTGGG 

T GAT AAAAT C AC AGCT GGTC AGCAGT T AGT T C AAT AT GAT ACAAC AAC T G C AC AAG C AGC CT AC G AC A 

CTGCTAATCGTCAATTAAATAAAGTAGCGCGTCAGATTAATAATCTAAAGACAACAGGAAGTCTTCCA 

G CTAT GGAAT C AAGT GATCAAT CTT CTT CAT CAT CACAAGGAC AAGGGACT CAAT CGACT AGTGGT GC 

GACGAATCGTCT AC AGCAAAATTATCAAAGTCAAGCTAATGCTTCAT ACAAC CAACAACTTCAAGATT 

TGAATGATGCTTATGCAGATGCACAGGCAGAAGTAAATAAAGCACAAAAAGCATTGAATGATACTGTT 

ATTACAAGTGACGTATCAGGGACAGTTGTTGAAGTTAATAGTGATATTGATCCAGCTTCAAAAACTAG 

T C AAGT ACT T GT CC AT GT AGC AACT G AAGGT AAAC T CC AAGT ACAAG GAAC GAT GAGT GAGT AT GAT T 

TGGCTAATGTTAAAAAAGACCAGGCTGTTAAAATAAAATCTAAGGTCTATCCTGACAAGGAATGGGAA 

GGT AAAAT TT C AT AT AT CT CAAATTATCCAGAAGCAGAAGCAAACAACAATGACTCTAATAACGGCTC 

TAGTGCTGTAAATTATAAATATAAAGTAGATATTACTAGCCCTCTCGATGCATTAAAACAAGGTTTTA 

CCGTATCAGTTGAAGTAGTTAATGGAGATAAGCACCTTATTGTCCCTACAAGTTCTGTGATAAACAAA 

GATAATAAACACTTTGTTTGGGTATACAATGATTCTAATCGTAAAATTTCCAAAGTTGAAGTCAAAAT 

TGGTAAAGCTGATGCTAAGACACAAGAAATTTTATCAGGTTTGAAAGCAGGACAAATCGTGGTTACTA 

AT C C AAGT AAAAC CT T CAAG GAT GGG C AAAAAAT T GAT AAT AT T GAAT CAAT CGAT CT T AACT C T AAT 

AAGAAATCAGAGGTGAAA 

SEQ ID NO. 50 

MSKRQNLGI SKKGAI I SGLSVALI WIGG FLWVQSQPNKSAVKTNYKVFNVREGSVS S STLLTGKAKA 

TSIQEQYVYFDANKGNRATVTVKVGDKITAGQQLVQYDTTTAQAAYDTANRQLNKVARQINNLKTTGSLP 

AME S S DQS S S S S QGQGT QS T S GATNRLQQN YQS QANAS YNQQLQDLNDAYADAQAE VNKAQKALNDT V 

ITSDVSGTWEVNSDIDPASKTSQVLVHVATEGKLQVQGTMSEYDLANVKKDQAVKIKSKVYPDKEWE 

GKISYISNYPEAEAOTINDSNKGSSAVNYKYKVDITSPLDALKQGFTVSVEVVNGDKHLIVPT 

DNKHFVWVYNDSNRKISKVEVKIGKADAKTQEILSGLKAGQIVVTNPSKTFKDGQKIDNIESIDLNSN 

KKSEVK 

GBS 690 contains an N-terminal leader or signal sequence region which is indicated by the 
underlined sequence at the beginning of SEQ ID NO: 50 above. In one embodiment, one or more 
amino acids from the leader or signal sequence region of GBS 690 are removed. An example of such 
a GBS 690 fragment is set forth below as SEQ ID NO: 51 . 



SEQ ID NO: 51 

FLWVQSQPNKSAVKTNYKVFNVREGSVSSSTLLTGKAKANQEQYVYFDANKGNRATVTVKVGDKITAG 
QQLVQYDTTTAQAAYDTANRQLNKVARQINNLKTTGSLPAMESSDQSSSSSQGQGTQSTSGATNRLQQ 
NYQSQANAS YNQQLQDLNDAYADAQAE VNKAQKALNDT VI TSDVSGT WE VNSDIDPASKTSQVLVHV 
ATEGKLQVQGTMSEYDLANVKKDQAVKIKSKVYPDKEWEGKISYISNYPEAEANNNDSNNGSSAVNYK 
YKVDITSPLDALKQGFTVSVEWNGDKHLIVPTSSVINKDNKHFVWVYNDSNRKISKVEVKIGKADAK 
TQEILSGLKAGQIWTNPSKTFKDGQKIDNIESIDLNSNKKSEVK 
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GBS 691 

GBS 691 refers to an iron compound ABC transporter, or a substrate binding protein. 
Nucleotide and amino acid sequences of GBS 691 sequenced from serotype V isolated strain 2603 
5 V/R are set forth in Ref. 2 as SEQ ID 3691 and SEQ ID 3692. These sequences are set forth as SEQ 
ID NOS 52 and 53 below: 

SEQ II> NO. 52 

• AT GAAZ\AAAAT T GGAAT TAT T GT C C T C AC ACTACT G ACC T T CT T T T T G GT AT C T T G C G GAC AAC AAAC 
TAAAC^^GAAAGCACTAAAACAACTATTTCTAAAATGCCT2\AAATTGAAGGCTTCACCTATTATGGAA 

10 AAATTCCTGAAAATCCGAAAAAAGTAATTAATTTTACATATTCTTACACTGGGTATTTATTAAAACTA 
GGTGTTAATGTTTCAAGTTACAGTTTAGACTTAGAAAAAGATAGCCCCGTTTTTGGTAAACAACTGAA 
AGAAG C T AAAAAAT T AAC T GC T GAT G AT ACAGAAG C TAT T GC C G C AC AAAAACC T GAT T T AAT CAT G G 
T T T T C GAT C AAGAT C C AAAC AT C AAT ACT CT G AAAAAAAT TGC AC C AACT T T AG T TAT T AAAT AT GGT 
GCACAAAATTATTTAGATATGATGCCAGCCTTGGGGAAAGTATTCGGTAAAGAAAAAGAAGCTAATCA 

15 GTGGGTTAGCCAATGGAAAACTAAAACTCTCGCTGTCAAAAAAGATTTACACCATATCTTAAAGCCTA 
AC ACT ACT T T T AC TAT TAT GGAT T T T TAT G ATAAAAAT AT CT AT T TAT AT GGT AAT AAT T T TGGACGC 
GGT G G AGAAC T AAT C TAT GAT T CACT AG GT TAT G CT GCCC CAGAAAAAGT CAAAAAAGAT GT CT T T AA 
AAAAGGGTGGTTTACCGTTTCGCAAGAAGCAATCGGTGATTACGTTGGAGATTATGCCCTTGTTAATA 
T AAACAAAACGAC T AAAAAAGC AGC T TC AT CAC T T AAAGAAAGT GAT GT CT GG AAG AAT T T AC CAGCT 

20 GTCAAAAAAGGGCACATCATAGAAAGTAACTACGACGTGTTTTATTTCTCTGACCCTCTATCTTTAGA 
AGCT C AAT TAAAAT CAT T T AC AAAGGCT AT C AAAGAAAAT AC AAAT 

SEQ ID NO. 53 

MKKIGXIVLTLLTFFLVSCGQQTKQESTKTTISBqyiPKI EGFTYYGKI PENPKKVINFT YS YTGYLLKL 
25 GVNVSSYSLDLEKDSPVFGKQLKEAKKLTADDTEAIAAQKPDLIMVFDQDPNINTLKKIAPTLVIKYG 
AQNYLDMMPALGKVFGKEKEANQWVSQWKTKTLAVKKDLHHILKPNTTFTIMDFYDKNIYLYGNNFGR 
GGELIYDSLGYAAPEKVKKDVFKKGWFTVSQEAIGDYVGDYALVNINKTTKKAASSLKESDVWKNLPA 
VKKGHI IESNYDVFYFSDPLSLEAQLKSFTKAIKENTN 



30 GBS 691 contains an N-terminal leader or signal sequence region which is indicated by the 

underlkLed sequence at the beginning of SEQ ID NO: 53 above. In one embodiment, one or more 
amino acids are removed from the leader or signal sequence region of GBS 691 . An example of such 
a GBS 691 fragment is set forth below as SEQ ID NO: 54. 



35 SEQ n> NO: 54 

EGFTYYGKI PENPKKVINFT YSYTGYLLKLGVNVSSYSLDLEKDSPVFGKQLKEAKKLTADDTEAIAA 
QKPDLXMVFDQDPNINTLKKIAPTLVIKYGAQNYLDMMPALGKVFGKEKEANQWVSQWKTKTLAVKKD 
LHHILKPNTTFTIMDFYDKNIYLYGNNFGRGGELIYDSLGYAAPEKVKKDVFKKGWFTVSQEAIGDYV 
GDYALVNINKTTKKAAS SLKES DVWKNLPAVKKGHI IESNYDVFYFS DPLSLEAQLKS FTKAIKENTN 

40 

GBS 691 contains a C-terminal transmembrane or cytosplasmic region which is indicated by 
the underlined sequence at the end of SEQ ID NO: 53 above. In one embodiment, one or more amino 
acids are removed from the transmembrane or cytoplasmic region of GBS 691 . An example of such a 
GBS 69 1 fragment is set forth below as SEQ ID NO: 55. 

45 
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SEQ ID NO: 55 

MKKI GIIVLTLLTFFLVSCGQQTKQESTKTTISKMPKIEGFTYYGKIPENPKKVINFTYSYTGYLLKL 
GVNVSSYSLDLEKDSPVFGKQLKEAKKLTADDTEAIAAQKPDLIMVFDQDPNINTLKKIAPTLVIKYG 
AQNYIiDMMPALGKVFGKEKEANQWVSQWKTKTLAVKKDLHHILKPNTTFTIMDFYDKNIYLYGNNFGR 
5 GGELIYDSLGYAAPEKVKKDVFKKGWFTVSQEAIGDYVGDYALVNINKTTKKAASSLKESDVWKNLPA 
VKKGHIIESNYDVFYFSDPLSLEAQLKSFT 

In one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytosplasmic region are removed from GBS 691 . 
10 One example of such a GBS 691 fragment is set forth below as SEQ ID NO: 56 



SEQ ID NO: 56 

EGFTYYGKIPENPKKVINFTYSYTGYLLKLGVNVSSYSLDLEKDSPVFGKQLKEAKKLTADDTEAIAA 
QKPDIiIMVFDQDPNINTLKKIAPTLVIKYGAQNYLDl^PALGKVFGKEKEANQWVSQWKTKTLAVKKD 
15 LHH I LKPNTT FT IMDFYDKNI YL YGNN FGRGGEL I YDS LG YAAPEKVKKDVFKKGWFTVSQEAI GDYV 
GDYALVNINKTTKKAASSLKESDVWKNLPAVKKGHIIESNYDVFYFSDPLSLEAQLKSFT 

Additional examples of GBS antigens which may be used in combination with GBS 80 are set 
forth below. 
20 GBS 4 

GBS 4 refers to another putative cell wall surface anchor family protein. Nucleotide and 
amino acid sequences of GBS 4 sequenced from serotype V isolated strain 2603 V/R are set forth in 
Ref. 2 as SEQ ID 1 and SEQ ID 2. These sequences are also set forth below as SEQ ID NOS 57 and 
58: 

25 

SEQ £D NO. 57 

ATGAAAGT G AAAAAT AAGAT T T T AAC GAT GGT AGCACT T AC T G T C T T AAC AT G T G CT AC T TAT T CAT C 
AAT C G GT TAT GC T G AT ACAAGT GAT AAGAAT AC T GAC AC GAGT GT CGT GAC T AC G AC CT T AT CT GAGG 
AGAAAAGAT C AGAT G AACT AGACC AGT CT AGT AC T GGT TCTTCTTCT GAAAAT GAATCGAGT T CAT CA 

30 AGT G AAC C AGAAAC AAAT C C GT C AAC T AATCC ACCT AC AACAGAAC C ATC GC AACCCT CAC C T AGT G A 
AGAG AAC AAGC CT GAT GGTAGAACGAAGACAGAAAT T GGC AAT AAT AAGGAT AT T T C T AGT GGAAC AA 
AAGT AT T AAT T T C AGAAGAT AG TAT T AAGAAT T T T AGT AAAGC AAGT AGT G AT C AAGAAGAAGT GGAT 
C GC GAT GAAT CAT CAT CT T C AAAAGC AAAT GAT GG G AAAAAAG G C C AC AGT AAGCCT AAAAAGGAACT 
T C C T AAAAC AGG AG AT AGC C ACT C AGAT AC T GT AAT AGCAT C T AC GG G AGGGAT TAT T C T G T TAT CAT 

3 5 TAAG TTTT T AC AAT AAG AAAAT GAAACTT TAT 

SEQ ED NO. 58 

MKVKNKILTMVALTVLTCATYSSIGYA DTSDKNTDTSWTTTLSEEKRSDELDOSSTGSSaENR<qs^.q 
SEPETNPSTNPPTTEPSQPSPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVD 
40 RDESSSSKANDGKKGHSKPKKELPKTGDSHSDTVIASTGGIILLSLSFYNKKMKLY 



GBS 4 contains an N-terminal leader or signal sequence which is underlined at the beginning 
of SEQ ID NO: 58 above. In one embodiment, one or more amino acids from the N-terminal leader 
or signal peptide domain of GBS 4 are removed. An example of such a GBS 4 fragment is set forth 
45 below as SEQ ID NO 59. 
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SEQ ID NO 59 

DTSDKNTDTSWTTTLSEEKRSDELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKP 
DGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKANDGKKGHSKPKKELPKTG 
DSHSDTVIASTGGIILLSLSFYNKKMKLY 

5 

A further N-terminal section of GBS 4 may be removed to facilitate recombinant expression. 
An example of such a GBS 4 fragment is set forth below as SEQ ID NO: 60. 



SEQ ID NO: 60 

10 DQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKPDGRTKTEIGNNKDISSGTKVLISED 

SIKNFSKASSDQEEVDRDE33SSKANDGKKGHSKPKKELPKTGDSHSDTVIASTGGIILLSLSFYNKK 
MKLY 

GBS 4 contains an C-terminal transmembrane region which is underlined at the end of SEQ 
15 ED NO: 58 above. In one embodiment, one or more amino acids from the C-terminal transmembrane 
region is removed. An example of such a GBS 4 fragment is set forth below as SEQ ID NO: 61. 

SEQ ID NO: 61 

MKVKNKILTMVALTVLTCAT YSS I GYADTS DKNTDTS WTTTLSEEKRS DELDQS STGSS SENES S S S 
20 SEPETNPSTNPPTTEPSQPSPSEENKPDGRTKTEIGNNKDISSGTKVLISEDSIKNFSBCASSDQEEVD 
R DE S S S S KAN DGKKGHS KPKKE 

In one embodiment, both the N-terminal leader or signal domain and the C-terminal 
transmembrane domain are removed from the GBS 4 sequence. An example of such a GBS 4 
25 fragment is set forth below as SEQ ID NO: 62. 



SEQ ID NO: 62 

DTS DKNTDTS WTTTLSEEKRS DELDQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKP 
DGRTKTEIGNNKDISSGTKVLISEDSIKNFSKASSDQEEVDRDESSSSKANDGKKGHSKPKKE 

30 

In yet another embodiment, the N-terminal leader or signal domain, a further N-terminal 
region and the C-terminal transmembrane domain are removed from the GBS 4 sequence. An 
example of such a GBS 4 fragment is set forth below as SEQ ID NO: 63. 



35 SEQ ID NO: 63 

DQSSTGSSSENESSSSSEPETNPSTNPPTTEPSQPSPSEENKPDGRTKTEIGNNKDISSGTKVLISED 
S I KNFSKAS S DQEEVDRDE S S S S KAN DGKKGHS KPKKE 



GBS 22 

GBS 22 refers to a putative adhesion lipoprotein. Nucleotide and amino acid sequences of 
GBS 22 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ 8583 and 
SEQ ID 8584. These sequences are set forth below as SEQ ID NOS 64 and 65: 
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SEQ ID NO. 64 

ATGAAAAGGATACGGAAAAGCCTTATTTTTGTTCTCGGAGTAGTTACCCTAATTTGCTTATGTGCTTG 
TACTAAACAAAGCCAGCAAAAAAATGGCTTGTCAGTAGT.GACTAGCTTTTATCCAGTATATTCCATTA 
CAAAAGCAGTTTCTGGTGATTTGAATGATATTAAAATGATTCGATCACAGTCAGGTATTCATGGTTTT 
GAACCCTCATCAAGTGATGTTGCTGCCATTTATGATGCTGATCTATTTCTTTATCATTCGCACACACT 
AGAAGCTTGGGCGAGACGTTTGGAACCTAGTTTGCATCACTCTAAAGTATCTGTAATTGAAGCTTCAA 
AAGGTATGACTTTGGATAAAGTTCATGGCTTAGAAGATGTAGAGGCAGAAAAAGGAGTAGATGAGTCA 
ACCTTGTATGACCCTCACACTTGGAATGACCCTGTAAAAGTATCTGAGGAAGCACAACTCATCGCTAC 
ACAATTAGCTAAAAAGGATCCTAAAAACGCTAAGGTTTATCAAAAAAATGCTGATCAATTTAGTGACA 
AGGCAATGGCTATTGCAGAGAAGTATAAGCCAAAATTTAAAGCTGCAAAGTCTAAATACTTTGTGACT 
TCACATACAGCATTCTCATACTTAGCTAAGCGATACGGATTGACTCAGTTAGGTATTGCAGGTGTCTC 
AACCGAGCAAGAACCTAGTGCTAAAAAATTAGCCGAAATTCAGGAGTTTGTGAAAACATATAAGGTTA 
AGACTATTTTTGTTGAAGAAGGAGTCTCACCTAAATTAGCTCAAGCAGTAGCTTCAGCTACTCGAGTT 
AAAATTGCAAGTTTAAGTCCTTTARAAGCAGTTCCCAAAAACAATAAAGATTACTTAGAAAATTTGGA 
AACTJAATCTTAAGGTACTTGTCAAATCGTTAAATCAATAG 

SEQ ID NO. 65 

MKRIRKSLIFVLGWTLICLCACTKQSQQKNGLSWTSFYPVYSITKAVSGDLNDIKMIRSQSGIHGF 
EPSSSDVAAIYDADLFLYHSHTLEAWARRLEPSLHHSKVSVIEASKGMTLDKVHGLEDVEAEKGVDES 
TLYDPHTWNDPVKVSEEAQLIATQLAKKDPKNAKVYQKNADQFSDKAMAIAEKYKPKFKAAKSKYFVT 
SHTAFSYLAKRYGLTQLGIAGVSTEQEPSAKKLAEIQEFVKTYKVKTIFVEEGVSPKLAQAVASATRV 
KIASLS PLXAVPKNNKDYLENLETNLKVLVKSLNQ 

GBS 85 

GBS 85 refers to a putative cell division protein (DivIB). Nucleotide and amino acid 
sequences of GBS 85 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as 
SEQ ID 215 and SEQ ID 216. These sequences are set forth below as SEQ ID NOS 66 and 67: 



SEQ ID NO. 66 

ATGCCTAAGAAGAAATCAGATACCCCAGAAAAAGAAGAAGTTGTCTTAACGGAATGGCAAAAGCGTAA 
CCTTGAATTTTTAAAAAAACGCAAAGAAGATGAAGAAGAACAAAAACGTATTAACGAAAAATTACGCT 
TAGATAAAAGAAGTAAATTAAATATTTCTTCTCCTGAAGAACCTCAAAATACTACTAAAATTAAGAAG 
CTTCZVTTTT CC AAAG AT T T C AAG AC C T AAG AT T G AAAAGAAAC AG AAAAAAG AAAAAAT AG T CAAC AG 

CTTAGCCAAAACTAATCGCATTAGAACTGCACCTATATTTGTAGTAGCATTCCTAGTCATTTTAGTTT 
CCGTTTTCCTACTAACTCCTTTTAGTAAGCAAAAAACAATAACAGTTAGTGGAAATCAGCATACACCT 
GATGATATTTTGATAGAGAAAACGAATATTCAAAAAAACGATTATTTCTTTTCTTTAATTTTTAAACA 
TAAAGCTATTGAACAACGTTTAGCTGCAGAAGATGTATGGGTAAAAACAGCTCAGATGACTTATCAAT 
TT CC C AAT AAGT T TC AT AT T C AAGTT CAAG AAAAT AAGAT TAT T GC AT AT G CACATAC AAAG C AAGGA 

TATCAACCTGTCTTGGAAACTGGAAAAAAGGCTGATCCTGTAAATAGTTCAGAGCTACCAAAGCACTT 
CTTAACAATTAACCTTGATAAGGAAGATAGTATTAAGCTATTAATTAAAGATTTAAAGGCTTTAGACC 
CTGATTTAATAAGTGAGATTCAGGTGATAAGTTTAGCTGATTCTAAAACGACACCTGACCTCCTGCTG 
TTAGATATGCACGATGGAAATAGTATTAGAATACCATTATCTAAATTTAAAGAAAGACTTCCTTTTTA 
CAAACAAATTAAGAAGAACCTTAAGGAACCTTCTATTGTTGATATGGAAGTGGGAGTTTACACAACAA 
CAAATACCATTGAATCAACCCCTGTTAAAGCAGAAGATACAAAAAATAAATCAACTGATAAAACACAA 
ACACAAAATGGTCAGGTTGCGGAAAATAGTCAAGGACAAACAAATAACTCAAATACTAATCAACAAGG 
ACAACAGATAGCAACAGAGCAGGCACCTAACCCTCAAAATGTTAAT 

SEQ ID NO. 67 

MPKKKSDTPEKEEWLTEWQKRNLEFLKKRKEDEEEQKRINEKLRLDKRSKLNISSPEEPQNTTKIKK 
LHFPKISRPKIEKKQKKEKIVNSLAKTNRIRTAPIFWAFLVILVSVFLLTPFSKQKTITVSGNQHTP 
DDILIEKTNIQKNDYFFSLj. FKHKAIEQRLAAEDVwVKTAQMTYQFFNKFHIQVQENKI iayahtkqg 
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YQPVLETI3KKADPVNSSELPKHFLTINLDKEDSIKLLIKDLKALDPDLISEIQVISLADSKTTPDLLL 
LDMHDGNSIRIPLSKFKERLPFYKQIKKNLKEPSIVDMEVGVYTTTNTIESTPVKAEDTKNKSTDKTQ 
TQNGQVAENSQGQTNNSNTNQQGQQIATEQAPNPQNVN 

GBS 147 

GBS 147 refers to a putative protease. Nucleotide and amino acid sequences of GBS 147 
sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8525 and SEQ 
ID 8526. These sequences are set forth below as SEQ ID NOS 68 and 69. 

SEQ ID NO. 68 

GTGGATAAACATCACTCAAAAAAGGCTATTTTAAAGTTAACACTTATAACAACTAGTATTTTATTAAT 
GCATAGCAATCAAGTGAATGCAGAGGAGCAAGAATTAAAAAACCAAGAGCAATCACCTGTAATTGCTA 
ATGTTGCTCAACAGCCATCGCCATCGGTAACTACTAATACTGTTGAAAAAACATCTGTAACAGCTGCT 
TC T GCT AGT AAT AC AGC GAAAG AAAT GGGT GAT ACAT C TG T AAAAAAT GAC AAAACAGAAGAT GAAT T 

ATTAGAAGAGTTATCTAAAAACCTTGATACGTCTAATTTGGGGGCTGATCTTGAAGAAGAATATCCCT 
CTJVAACCAGAGACAACCAACAATAAAGAAAGCAATGTAGTAACAAATGCTTCAACTGCAATAGCACAG 
AAAGTT CCCT CAGCATAT GAAGAGGT GAAGCCAGAAAGCAAGTC AT CGCTTGCTGT T CTTGATACATC 

TAAAATAACAAAATTACAAGCCATAACCCAAAGAGGAAAGGGAAATGTAGTAGCTATTATTGATACTG 
GCTTTGATATTAACCATGATATTTTTCGTTTAGATAGCCCAAAAGATGATAAGCACAGCTTTAAAACT 
AAGACAGAATTTGAGGAATTAAAAGCAAAACATAATATCACTTATGGGAAATGGGTTAACGATAAGAT 
TGTTTTTGCACATAACTACGCCAACAATACAGAAACGGTGGCTGATATTGCAGCAGCTATGAAAGATG 
GTTATGGTTCAGAAGCAAAGAATATTTCGCATGGTACACACGTTGCTGGTATTTTTGTAGGTAATAGT 
AAACGTCCAGCAATCAATGGTCTTCTTTTAGAAGGTGCAGCGCCAAATGCTCAAGTCTTATTAATGCG 
TATTCCAGATAAAATTGATTCGGACAAATTTGGTGAAGCATATGCTAAAGCAATCACAGACGCTGTTA 
ATCTAGGAGCAAAAACGATTAATATGAGTATTGGAAAAACAGCTGATTCTTTAATTGCTCTCAATGAT 
AAAGTTAAATTAGCACTTAAATTAGCTTCTGAGAAGGGCGTTGCAGTTGTTGTGGCTGCCGGAAATGA 
AGGCGCATTTGGTATGGATTATAGCAAACCATTATCAACTAATCCTGACTACGGTACGGTTAATAGTC 
CAGCTATTTCTGAAGATACTTTGAGTGTTGCTAGCTATGAATCACTTAAAACTATCAGTGAGGTCGTT 
GAAACAACTATTGAAGGTAAGTTAGTTAAGTTGCCGATTGTGACTTCTAAACCTTTTGACAAAGGTAA 
GGCCTACGATGTGGTTTATGCCAATTATGGTGCAAAAAAAGACTTTGAAGGTAAGGACTTTAAAGGTA 
AGATTGCATTAATTGAGCGTGGTGGTGGACTTGATTTTATGACTAAAATCACTCATGCTACAAATGCA 
GGTGTTGTTGGTATCGTTATTTTTAACGATCAAGAAAAACGTGGAAATTTTCTAATTCCTTACCGTGA 
ATTACCTGTGGGGATTATTAGTAAAGTAGATGGCGAGCGTATAAAAAATACTTCAAGTCAGTTAACAT 
TTAACCAGAGTTTTGAAGTAGTTGATAGCCAAGGTGGTAATCGTATGCTGGAACAATCAAGTTGGGGC 
GTGACAGCTGAAGGAGCAATCAAGCCTGATGTAACAGCTTCTGGCTTTGAAATTTATTCTTCAACCTA 
TAATAATCAATACCAAACAATGTCTGGTACAAGTATGGCTTCACCACATGTTGCAGGATTAATGACAA 
TGCTTCAAAGTCATTTGGCTGAGAAATATAAAGGGATGAATTTAGATTCTAAAAAATTGCTAGAATTG 
TCTAAAAACATCCTCATGAGCTCAGCAACAGCATTATATAGTGAAGAGGATAAGGCGTTTTATTCACC 
ACGTCAGCAAGGTGCAGGTGTAGTTGATGCTGAAAAAGCTATCCAAGCTCAATATTATATTACTGGAA 
ACGATGGCAAAGCTAAAATTAATCTCAAACGAATGGGAGATAAATTTGATATCACAGTTACAATTCAT 
AAACTTGTAGAAGGTGTCAAAGAATTGTATTATCAAGCTAATGTAGCAACAGAACAAGTAAATAAAGG 
TAAATTTGCCCTTAAACCACAAGCCTTGCTAGATACTAATTGGCAGAAAGTAATTCTTCGTGATAAAG 
AAACACAAGTTCGATTTACTATTGATGCTAGTCAATTTAGTCAGAAATTAAAAGAACAGATGGCAAAT 
GGTTATTTCTTAGAAGGTTTTGTACGTTTTAAAGAAGCCAAGGATAGTAATCAGGAGTTAATGAGTAT 
TCCTTTTGTAGGATTTAATGGTGATTTTGCGAACTTACAAGCACTTGAAACACCGATTTATAAGACGC 
TTTCTAAAGGTAGTTTCTACTATAAACCAAATGATACAACTCATAAAGACCAATTGGAGTACAATGAA 
TCAGCTCCTTTTGAAAGCAACAACTATACTGCCTTGTTAACACAATCAGCGTCTTGGGGCTATGTTGA 
TTATGTCAAAAATGGTGGGGAGTTAGAATTAGCACCGGAGAGTCCAAAAAGAATTATTTTAGGAACTT 
TTGAGAATAAGGTTGAGGATAAAACAATTCATCTTTTGGAAAGAGATGCAGCGAATAATCCATATTTT 
GCCATTTCTCCAAATAAAGATGGAAATAGGGACGAAATCACTCCCCAGGCAACTTTCTTAAGAAATGT 
TAAGGATATTTCTGCTCAAGTTCTAGATCAAAATGGAAATGTTATTTGGCAAAGTAAGGTTTTACCAT 
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CTTATCGTAAAAATTTCCATAATAATCCAAAGCAAAGTGATGGTCATTATCGTATGGATGCTCTTCAG 

TGGAGTGGTTTAGATAAGGATGGCAAAGTTGTAGCAGATGGTTTTTATACTTATCGCTTACGTTACAC 

ACCAGTAGCAGAAGGAGCAAATAGTCAGGAGTCAGACTTTAAAGTACAAGTAAGTACTAAGTCACCAA 

ATCTTCCTTCACGAGCTCAGTTTGATGAAACTAATCGAACATTAAGCTTAGCCATGCCTAAGGAAAGT 

AGTTATGTTCCTACATATCGTTTACAATTAGTTTTATCTCATGTTGTAAAAGATGAAGAATATGGGGA 

TGAGACTTCTTACCATTATTTCCATATAGATCAAGAAGGTAAAGTGACACTTCCTAAAACGGTTAAGA 

TAGGAGAGAGTGAGGTTGCGGTAGACCCTAAGGCCTTGACACTTGTTGTGGAAGATAAAGCTGGTAAT 

TTCGCAACGGTAAAATTGTCTGATCTCTTGAATAAGGCAGTAGTATCAGAGAAAGAAAACGCTATAGT 

AATTTCTAA.CAGTTTCAAATATTTTGATAACTTGAAAAAAGAACCTATGTTTATTTCTAAAAAAGAAA 

AAGTAGTAAACAAGAATCTAGAAGAAATAATATTAGTTAAGCCGCAAACTACAGTTACTACTCAATCA 

TTGTCTAAA.GAAATAACTAAATCAGGAAATGAGAAAGTCCTCACTTCTACAAACAATAATAGTAGCAG 

AGTAGCTAAGATCATATCACCTAAACATAACGGGGATTCTGTTAACCATACCTTACCTAGTACATCAG 

ATAGAGCAACGAATGGTCTATTTGTTGGTACTTTGGCATTGTTATCTAGTTTACTTCTTTATTTGAAA 
CCCAAAAAGACTAAAAATAATAGTAAA 

SEQ ID NO. 69 

VDKHHSKKA.ILKLTLITTSILLMHSNQVNA EEQELKNOEOSPVIANVAOOPRPRVTTMTVT'.K'TRVTaa 
SASNTAKEMGDTSVKNDKTEDELLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNWTNASTAIAQ 
KVPSAYEEVKPESKSSLAVLDTSKITKLQAITQRGKGNWAIIDTGFDINHDIFRLDSPKDDKHSFKT 
KTEFEELKAKHNITYGKWVNDKI VFAHNYANNTETVADIAAAMKDGYGSEAKNI SHGTHVAGI FVGNS 
KRPAINGLL.LEGAAPNAQVLLMRI PDKI DS DKFGEAYAKAI T DAVNLGAKT I NMS I GKTADSL I ALND 
KVKLALKLASEKGVAWyAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISEDTLSVASYESLKTISEW 
ETTIEGKLVKLPIVTSKPFDKGKAYDWYANYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNA 
GWGIVIFNDQEKRGNFLIPYRELPVGIISKVDGERIKNTSSQLTFNQSFEVVDSQGGNRMLEQSSWG 
VTAEGAIKPDVTASGFEIYSSTYNNQYQTMSGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLEL 
SKNILMSSATALYSEEDKAFYSPRQQGAGWDAEKAIQAQYYITGNDGKAKINLKRMGDKFDITVTIH 
KLVEGVKELYYQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMAN 
GYFLEGFVRFKEAKDSNQELMSIPFVGFNGDFANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNE 
SAPFESNNYTTALLTQSASWGYVDYVKNGGELELAPESPKRIILGTFENKVEDKTIHLLERDAANNPYF 
AI S PNKDGNRDE I T PQAT FLRNVKDI S AQVLDQNGNVI WQSKVLPS YRKNFHNN PKQS DGHYRMDALQ 

WSGLDKDGKWADGFYTYRLRYTPVAEGANSQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKES 

SYVPTYRLQLVLSHWKDEEYGDETSYHYFHIDQEGKVTLPKTVKIGESEVAVDPKALTLWEDKAGN 

FATVKLSDLLNKAWSEKENAIVISNSFKYFDNLKKEPMFISKKEKWNKNLEEIILVKPQTTVTTQS 

LSKEITKSGNEKVLTSTNNNSSRVAKIISPKHNGDSVNHT LPSTSDRATNGLFVGTL ALLSSLLLYLK 
PKKTKNNSK 

GBS 147 contains an N-tenninal leader or signal sequence region which is indicated by the 
underlined sequence at the beginning of SEQ ID NO 69 above. In one embodiment, one or more 
amino acids fiom the leader or signal sequence region of GBS 147 are removed. An example of such 
a GBS 147 fragment is set forth below as SEQ ID NO: 70. 



SEQ ID NO: 70 

EEQELKNQEQSPVIANVAQQPSPSVTTNTVEKTSVTAASASNTAKEMGDTSVKNDKTEDELLEELSKN 
LDTSNLGADLEEEYPSKPETTNNKESNWTNASTAIAQKVPSAYEEVKPESKSSLAVLDTSKITKLQA 
ITQRGKGNWAI I DTGFDINHDI FRLDSPKDDKHS FKTKTEFEELKAKHNITYGKWVNDKI VFAHNYA 

NNTETVADZ AAAMKDGYGSEAKNI SHGTHVAGI FVGNSKRPAINGLLLEGAAPNAQVLLMRI PDKI DS 
DKFGEAYAKAI TDAVNLGAKTINMS I GKTADSLI ALNDKVKLALKLASEKGVAVWAAGNEGAFGMDY 
SKPLSTNPDYGTVNSPAISEDTLSVASYESLKTISEWETTIEGKLVKLPIVTSKPFDKGKAYDWYA 
NYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNAGWGIVIFNDQEKRGNFLIPYRELPVGIIS 
KVDGERIKNTSSQLTFNQSFEWDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQYQTM 
SGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALY5EEDKAFYSPRQQGAGV 
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VDAEKA.IQAQYYITGNDGKAKINLKRMGDKFDITVTIHKLVEGVKELYYQANVATEQVNKGKFALKPQ 
ALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMANGYFLEGFVRFKEAKDSNQELMSIPFVGFNG 
DFANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGE 
LELAPE S PKRI I LGT FENKVE DKT I HLLERDAANN P YFAI S PNKDGNRDE I TPQAT FLRNVKDI SAQV 

LDQNGNVIWQSKVLPSYRKNFHNNPKQSDGHYRMDALQWSGLDKDGKWADGFYTYRLRYTPVAEGAN 
SQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHWKDEEYGDETSYHYF 
HIDQEGKVTLPKTVKIGESEVAVDPKALTLWEDKAGNFATVKLSDLLNKAWSEKENAIVISNSFKY 
FDNLKKEPMFISKKEKVVNKNLEEIILVKPQTTVTTQSLSKEITKSGNEKVLTSTNNNSSRVAKIISP 
KHNGDSVNHTLPSTSDRATNGLFVGTLALLSSLLLYLKPKKTKNNSK 

GBS 147 also contains a C-terminal transmembrane and/or cytoplasmic region which may be 

* » v^-wx^ii^w. o^ H uvuva/ mc tuu <j± oiiv<; io-» inO; uj> aoove. m one emooaiment, 

one or more amino acids from the transmembrane and/or cytoplasmic region are removed. An 
example of such a GBS 147 fragment is set forth below as SEQ ID NO: 71 . 



SEQ ID NO: 71 

VDKHHSKKAILKLTLITTSILLMHSNQVNAE EQELKNOEOS PVI ANVAQQPS PS VTTNTVEKTS VTAA 
SASNTAKEMGDTSVKNDKTEDELLEELSKNLDTSNLGADLEEEYPSKPETTNNKESNWTNASTAIAQ 
KVPSAYEEVKPESKSSLAVLDTSKITKLQAITQRGKGNWAIIDTGFDINHDIFRLDSPKDDKHSFKT 
KTEFEELKAKHNITYGKWVNDKIVFAHNYANNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVGNS 
KRPAIWGLLLEGAAPNAQVLLMRIPDKIDSDKFGEAYAKAITDAVNLGAKTINMSIGKTADSLIALND 
KVKLALKLASEKGVAWVAAGNEGAFGMDYSKPLSTNPDYGTVNSPAISEDTLSVASYESLKTISEW 
ETTIEGKLVKLPIVTSKPFDKGKAYDWYANYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNA 
GWGIVIFNDQEKRGNFLIPYRELPVGIISKVDGERIKNTSSQLTFNQSFEWDSQGGNRMLEQSSWG 
VTAEGAI KPDVTAS GFE I YS ST YNNQYQTMS GTSMAS PHVAGLMTMLQS HLAE KYKGMN L D S KKLLE L 

SKNILMSSATALYSEEDKAFYSPRQQGAGWDAEKAIQAQYYITGNDGKAKINLKRMGDKFDITVTIH 
KLVEGVKELYYQANVATEQVNKGKFALKPQALLDTNWQKVILRDKETQVRFTIDASQFSQKLKEQMAN 
GYFLEGFVRFKEAKDSNQELMSIPFVGFNGDFANLQALETPIYKTLSKGSFYYKPNDTTHKDQLEYNE 
SAP FES NNYTALLTQSASWGYVDYVKNGGELELAPES PKRI ILGTFENKVEDKTIHLLERDAANNPYF 
AISPNKDGNRDEITPQATFLRNVKDISAQVLDQNGNVIWQSKVLPSYRKNFHNNPKQSDGHYRMDALQ 
WSGLDKDGKWADGFYTYRLRYTPVAEGANSQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKES 
SYVPTYRLQLVLSHWKDEEYGDETSYHYFHIDQEGKVTLPKTVKIGESEVAVDPKALTLWEDKAGN 
FATVKL S DLLNKAWSEKENAI VI SNSFKYFDNLKKEPMFI SKKEKWNKNLEEI ILVKPQTTVTTQS 
LSKEITKSGNEKVLTSTNNNSSRVAKIISPKHNGDSVNHT 

In one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic region are removed from the GBS 
147 sequence. An example of such a GBS 147 fragment is set forth below as SEQ ID NO 72. 



SEQ ID NO: 72 

EEQELKNQEQSPVIANVAQQPSPSVTTNTVEKTSVTAASASNTAKEMGDTSVKNDKTEDELLEELSKN 
LDTSNLGADLEEEYPSKPETTNNKESNWTNASTAIAQKVPSAYEEVKPESKSSLAVLDTSKITKLQA 
ITQRGKGNWAIIDTGFDINHDIFRLDSPKDDKHSFKTKTEFEELKAKHNITYGKWVNDKIVFAHNYA 
NNTETVADIAAAMKDGYGSEAKNISHGTHVAGIFVGNSKRPAINGLLLEGAAPNAQVLLMRIPDKIDS 
DKFGEAYAKAITDAVNLGAKTINMSIGKTADSLIALNDKVKLALKLASEKGVAWVAAGNEGAFGMDY 
SKPLSTNPDYGTVNSPAISEDTLSVASYESLKTISEWETTIEGKLVKLPIVTSKPFDKGKAYDWYA 
NYGAKKDFEGKDFKGKIALIERGGGLDFMTKITHATNAGWGIVIFNDQEKRGNFLIPYRELPVGIIS 
KVDGERIKNTSSQLTFNQSFEWDSQGGNRMLEQSSWGVTAEGAIKPDVTASGFEIYSSTYNNQYQTM 
SGTSMASPHVAGLMTMLQSHLAEKYKGMNLDSKKLLELSKNILMSSATALYSEEDKAfc'iSPRQQGAGV 
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VDAEKAIQAQYYITGNDGKAKINLKRMGDKFDITVTIHKLVEGVKELYYQANVATEQVNKGKFALKPQ 

ALLDTNWQKVILRDKETQVRFT I DASQFSQKLKEQMANGYFLEGFVRFKEAKDSNQELMS I PFVGFNG 

DFANLQA.1ETPIYKTLSKGSFYYKPNDTTHKDQLEYNESAPFESNNYTALLTQSASWGYVDYVKNGGE 

LELAPES PKRI ILGTFENKVEDKTIHLLERDAANNPYFAI SPNKDGNRDEITPQATFLRNVKDI SAQV 

LDQNGNVIWQSICVLPSYRKNFHNNPKQSDGHYRMDALQWSGLDKDGKWADGFYTYRLRYTPVAEGAN 

SQESDFKVQVSTKSPNLPSRAQFDETNRTLSLAMPKESSYVPTYRLQLVLSHWKDEEYGDETSYHYF 

HIDQEGPCVTLPKTVKIGESEVAVDPKALTLWEDKAGNFATVKLSDLLNKAWSEKENAIVISNSFKY 

FDNLKKEPMFISKKEKWNKNLEEIILVKPQTTVTTQSLSKEITKSGNEKVLTSTNNNSSRVAKIISP 
KHNGDSV-NHT " 

GBS 173 

GBS 173 refers to an amidase family protein. Nucleotide and amino acid sequences of GBS 
173 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 8787 and 
SEQ ID 8788. These sequences are set forth below as SEQ ID NOS 73 and 74: 



SEQ ID NTO. 73 

ATGAAACGTAAATACTTTATTCTTAATACGGTGACGGTTTTAACGTTAGCTGCTGCAATGAATACTAG 
CAGTATCTATGCTAATAGTACTGAGACAAGTGCTTCAGTAGTTCCTACTACAAATACTATCGTTCAAA 
CTAATGACAGTAATCCTACCGCAAAATTTGTATCAGAATCAGGACAATCTGTAATAGGTCAAGTAAAA 
CCAGATAATTCTGCGGCGCTTACAACAGTTGACACGCCTCATCATATTTCAGCTCCAGATGCTTTAAA 
AACAACTCAATCAAGTCCTGTCGTTGAGAGTACTTCTACTAAGTTAACTGAAGAGACTTACAAACAAA 
AAGATGGTCAAGATTTAGCCAACATGGTGAGAAGTGGTCAAGTTACTAGTGAGGAACTCGTTAATATG 
GCATACGATATTATTGCTAAAGAAAACCCATCTTTAAATGCAGTCATTACTACTAGACGCCAAGAAGC 
TATTGAAGAGGCTAGAAAACTTAAAGATACCAATCAGCCGTTTTTAGGTGTTCCCTTGTTAGTCAAGG 
GGTTAGGGCACAGTATTAAAGGTGGTGAAACCAATAATGGCTTGATCTATGCAGATGGAAAAATTAGC 
ACATTTGACAGTAGCTATGTCAAAAAATATAAAGATTTAGGATTTATTATTTTAGGACAAACGAACTT 
TCCAGAGTATGGGTGGCGTAATATAACAGATTCTAAATTATACGGTCTAACGCATAATCCTTGGGATC 
TTGCTCATAATGCTGGTGGCTCTTCTGGTGGAAGTGCAGCAGCCATTGCTAGCGGAATGACGCCAATT 
GCTAGCGGTAGTGATGCTGGTGGTTCTATCCGTATTCCATCTTCTTGGACGGGCTTGGTAGGTTTAAA 
ACCAACAAGAGGATTGGTGAGTAATGAAAAGCCAGATTCGTATAGTACAGCAGTTCATTTTCCATTAA 
CTAAGTCATCTAGAGACGCAGAAACATTATTAACTTATCTAAAGAAAAGCGATCAAACGCTAGTATCA 
GTTAATGATTTAAAATCTTTACCAATTGCTTATACTTTGAAATCACCAATGGGAACAGAAGTTAGTCA 
AGATGCTAAAAACGCTATTATGGACAACGTCACATTCTTAAGAAAACAAGGATTCAAAGTAACAGAGA 
TAGACTTACCAATTGATGGTAGAGCATTAATGCGTGATTATTCAACCTTGGCTATTGGCATGGGAGGA 
GCTTTTTCAACAATTGAAAAAGACTTAAAAAAACATGGTTTTACTAAAGAAGACGTTGATCCTATTAC 
TTGGGCAGTTCATGTTATTTATCAAAATTCAGATAAGGCTGAACTTAAGAAATCTATTATGGAAGCCC 
AAAAACATATGGATGATTATCGTAAGGCAATGGAGAAGCTTCACAAGCAATTTCCTATTTTCTTATCG 
CCAACGACCGCAAGTTTAGCCCCTCTAAATACAGATCCATATGTAACAGAGGAAGATAAAAGAGCGAT 
TTATAATATGGAAAACTTGAGCCAAGAAGAAAGAATTGCTCTCTTTAATCGCCAGTGGGAGCCTATGT 
TGCGTAGAACACCTTTTACACAAATTGCTAATATGACAGGACTCCCAGCTATCAGTATCCCGACTTAC 
TTATCTGAGTCTGGTTTACCCATAGGGACGATGTTAATGGCAGGTGCAAACTATGATATGGTATTAAT 
TAAATTTGCAACTTTCTTTGAAAAACATCATGGTTTTAATGTTAAATGGCAAAGAATAATAGATAAAG 
AAGTGAAA.CCATCTACTGGCCTAATACAGCCTACTAACTCCCTCTTTAAAGCTCATTCATCATTAGTA 
AATTTAGAAGAAAATTCACAAGTTACTCAAGTATCTATCTCTAAAAAATGGATGAAATCGTCTGTTAA 
AAATAAACCATCCGTAATGGCATATCAAAAAGCACTTCCTAAAACAGGTGATACAGAATCAAGCCTAT 
CTCCAGTTTTAGTAGTAACCCTTTTATTAGCTTGTTTTAGCTTTGTAACAAAAAAGAATCAGAAAAGT 
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SEQ ID NO. 74 

MKRKYFIIiNTVTVLTLAA AMNTSSI YANSTETSASVVP TTNTIVOTNDSNPTAKFVSP.RnORV'T ap\TK 
PDNSAALTTVDTPHHISAPDALKTTQSSPWESTSTKLTEETYKQKDGQDLANMVRSGQVTSEELVNM 
AYDIIAKENPSLNAVITTRRQEAIEEARKLKDTNQPFLGVPLLVKGLGHSIKGGETNNGLIYADGKIS 
TFDSSYVKKYKDLGFIILGQTNFPEYGWRNITDSKLYGLTHNPWDLAHNAGGSSGGSAAAIASGMTPI 
ASGS DAGGS I RI PS S WTGLVGLKPTRGLVSNEKPDS YS TAVH FPLTKS S RDAETLLT YLKKSDQTLVS 
VNDLKSL PIAYTLKS PMGTEVS QDAKNAIMDNVT FLRKQGFKVTE I DLP I DGRALMRDYSTLAI GMGG 
AFSTIEKDLKKHGFTKEDVDPITWAVHVIYQNSDKAELKKSIMEAQKHMDDYRKAMEKLHKQFPIFLS 
PTTASLAPLNTDPYVTEEDKRAIYNMENLSQEERIALFNRQWEPMLRRTPFTQIANMTGLPAISIPTY 
LSESGLPIGTMLMAGANYDMVLIKFATFFEKHHGFNVKWQRIIDKEVKPSTGLIQPTNSLFKAHSSLV 
NLEENSQVTQVSISKKWMKSSVKN KPSVMAYQKALPKTGDTESSLSPVLWTLLLACFSFVTKKNQKS 

GBS 173 contains an N-tenninal leader or signal sequence region which is indicated by the 
underlined sequences at the beginning of SEQ ID NO: 74 above. In one embodiment, one or more 
amino acids from the leader or signal sequence of GBS 173 are removed. An example of such a GBS 
173 fragment is set forth below as SEQ ID NO: 75. 



SEQ ID NO: 75 

TTNTIVQTNDSNPTAKFVSESGQSVIGQVKPDNSAALTTVDTPHHISAPDALKTTQSSPWESTSTKL 
TEETYKQKDGQDLANMVRSGQVTSEELVNMAYDIIAKENPSLNAVITTRRQEAIEEARKLKDTNQPFL 
GVPLLVKGLGHSIKGGETNNGLIYADGKISTFDSSYVKKYKDLGFIILGQTNFPEYGWRNITDSKLYG 
LTHNPWDLAHNAGGSSGGSAAAIASGMTPIASGSDAGGSIRIPSSWTGLVGLKPTRGLVSNEKPDSYS 
TAVHFPLTKSSRDAETLLTYLKKSDQTLVSVNDLKSLPIAYTLKSPMGTEVSQDAKNAIMDNVTFLRK 
QGFKVTE IDLPI DGRALMRDYS TLAI GMGGAFS T IEKDLKKHGFTKEDVDPI TWAVHVI YQNS DKAEL 

KKSIMEAQKHMDDYRKAMEKLHKQFPIFLSPTTASLAPLNTDPYVTEEDKRAIYNMENLSQEERIALF 

NRQWEPMLRRTPFTQIANMTGLPAISIPTYLSESGLPIGTMLMAGANYDMVLIKFATFFEKHHGFNVK 

WQRIIDKEVKPSTGLIQPTNSLFKAHSSLVNLEENSQVTQVSISKKWMKSSVKNKPSVMAYQBCALPKT 
GDTESSLS PVL WTLLLACFS FVTKKNQKS 

GBS 173 may also contain a C-terminal transmembrane and/or cytoplasmic region which 
may be located within the underlined region near the end of SEQ ID NO: 74 above, hi one 
embodiment, one or more amino acids from the transmembrane or cytoplasmic region of GBS 173 are 
removed. An example of such a GBS 173 fragment is set forth below as SEQ ID NO: 76. 



SEQ ID NO: 76 

MKRKYFILNTVTVLTLAAAMNTSSI YANSTETSASWPTTNTIVQTNDSNPTAKFVSESGQSVIGQVK 
PDNSAALTTVDTPHHISAPDALKTTQSSPWESTSTKLTEETYKQKDGQDLANMVRSGQVTSEELVNM 
AYDIIAKENPSLNAVITTRRQEAIEEARKLKDTNQPFLGVPLLVKGLGHSIKGGETNNGLIYADGKIS 
TFDSSYVKKYKDLGFIILGQTNFPEYGWRNITDSKLYGLTHNPWDLAHNAGGSSGGSAAAIASGMTPI 
ASGSDAGGSIRIPSSWTGLVGLKPTRGLVSNEKPDSYSTAVHFPLTKSSRDAETLLTYLKKS DQTLVS 
VNDLKSL P I AYTLKS PMGTEVS QDAKNAIMDNVT FLRKQGFKVTE I DL P I DGRALMRDYSTLAI GMGG 

AFSTIEKDIiKKHGFTKEDVDPITWAVHVIYQNSDKAELKKSIMEAQKHMDDYRKAMEKLHKQFPIFLS 

PTTASLAPLNTDPYVTEEDKRAIYNMENLSQEERIALFNRQWEPMLRRTPFTQIANMTGLPAISIPTY 

LSESGLPIGTMLMAGANYDMVLIKFATFFEKHHGFNVKWQRIIDKEVKPSTGLIQPTNSLFKAHSSLV 
NLEENSQVTQVSISKKWMKSSVKNK 
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In one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic region are removed. An example of 
such a GBS 173 fragment is set forth below as SEQ ID NO: 77. 



SEQ ID NO: 77 

TTNTIVQTNDSNPTAKFVSESGQSVIGQVKPDNSAALTTVDTPHHISAPDALKTTQSSPWESTSTKL 
TEETYKQKDGQDLANMVRSGQVTSEELVNMAYDIIAKENPSLNAVITTRRQEAIEEARKLKDTNQPFL 
GVPLLVKGLGHSIKGGETNNGLIYADGKISTFDSSYVKKYKDLGFIILGQTNFPEYGWRNITDSKLYG 
LTHNPWDLAHNAGGSSGGSAAAIASGMTPIASGSDAGGSIRIPSSWTGLVGLKPTRGLVSNEKPDSYS 
TAVHFPLTKSSRDAETLLTYLKKSDQTLVSVNDLKSLPIAYTLKSPMGTEVSQDAKNAIMDNVTFLRK 
QGFKVTEIDLPIDGRALMRDYSTLAIGMGGAFSTIEKDLKKHGFTKEDVDPITWAVHVIYQNSDKAEL 
KKSIMEAQKHMDDYRKAMEKLHKQFPIFLSPTTASLAPLNTDPYVTEEDKRAIYNMENLSQEERIALF 
NRQWEPMLRRTPFTQIANMTGLPAISIPTYLSESGLPIGTMLMAGANYDMVXIKFATFFEKHHGFNVK 
WQRI I DKE VKP S TGL I Q PTNS L FKAHS S LVNLEEN SQVTQVS I S KKWMKS S VKNK 

GBS 313 

Nucleotide and amino acid sequences of GBS 313 sequenced from serotype V isolated strain 
2603 V/R are set forth in Ref. 2 as SEQ ID 4089 and SEQ ID 4090. These sequences are set forth as 
SEQ ID NOS 78 and 79 below: 



SEQ ID NO. 78 

ATGAAACGTATTGCTGTTTTAACTAGTGGTGGTGACGCCCCTGGTATGAACGCTGCTATCCGTGCAGT 
TGTTCGTAAAGCAATTTCTGAAGGTATGGAAGTTTACGGCATCAACCAAGGTTACTATGGTATGGTGA 
CAGGGGA.TATTTTCCCTTTGGATGCTAATTCTGTTGGGGATACTATCAACCGTGGAGGAACGTTTTTA 
CGTTCAGCACGTTATCCTGAATTTGCTGAACTTGAAGGTCAGCTTAAAGGGATTGAACAGCTTAAAAA 
ACACGGTATTGAAGGTGTAGTAGTTATCGGTGGTGATGGTTCTTATCATGGTGCTATGCGTCTAACTG 
AGCACGGTTTCCCAGCTGTTGGTTTGCCGGGTACAATTGATAACGATATCGTTGGCACTGACTATACT 
ATTGGTTTTGACACAGCAGTTGCGACAGCAGTTGAGAATCTTGACCGTCTTCGTGATACATCAGCAAG 
TCATAACCGTACTTTTGTTGTTGAGGTTATGGGAAGAAATGCAGGAGATATCGCTCTTTGGTCAGGTA 
TCGCTGCAGGTGCAGATCAAATTATTGTTCCTGAAGAAGAGTTCAATATTGATGAAGTTGTCTCAAAT 
GTTAGAGCTGGCTATGCAGCTGGTAAACATCACCAAATCATCGTCCTTGCAGAAGGTGTTATGAGTGG 
TGATGAGTTTGCAAAAACAATGAAAGCAGCAGGAGACGATAGCGATCTTCGTGTGACGAATTTAGGAC 
ATCTGCTCCGTGGTGGTAGTCCGACGGCTCGTGATCGTGTCTTAGCATCTCGTATGGGAGCGTACGCT 
GTTCAATTGTTGAAAGAAGGTCGTGGTGGTTTAGCCGTTGGTGTCCACAACGAAGAAATGGTTGAAAG 
TCCAATTTTAGGTTTAGCAGAAGAAGGTGCTTTGTTCAGCTTGACTGATGAAGGAAAAATCGTTGTTA 
ATAATCCGCATAAAGCGGACCTTCGCTTGGCAGCACTTAATCGTGACCTTGCCAACCAAAGTAGTAAA 

SEQ ID NO. 79 

MKRIAvTjTSGGDAPGMNAAIRAVVRKAISEGMEVYGINQGYYGMVTGDIFPLDANSVGDTINRGGTFL 
RSARYPEFAELEGQLKGIEQLKKHGIEGVWIGGDGSYHGAMRLTEHGFPAVGLPGTIDNDIVGTDYT 
IGFDTAVATAVENLDRLRDTSASHNRTFWEVMGRNAGDIALWSGIAAGADQIIVPEEEFNIDEWSN 
VRAGYAAGKHHQIIVLAEGVMSGDEFAKTMKAAGDDSDLRVTNLGHLLRGGSPTARDRVLASRMGAYA 
VQLLKEGRGGLAVGVHNEEMVESPILGLAEEGALFSLTDEGKIWNNPHKADLRLAALNRDLANQSSK 
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GBS 328 

GBS 328 belongs to the 5'-nucleotidase family. Nucleotide and amino acid sequences of 
GBS 328 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 6015 
5 and SEQ ID 60 1 6. These sequences are set forth below as SEQ ID NOS 80 and 8 1 : 



SEQ ID NO. 80 

ATGAAAAAGAAAATTATTTTGAAAAGTAGTGTTCTTGGTTTAGTCGCTGGGACTTCTATTATGTTCTC 
AAGCGTGTTCGCGGACCAAGTCGGTGTCCAAGTTATAGGCGTCAATGACTTTCATGGTGCACTTGACA 

10 ATACTGGAACAGCAAATATGCCTGATGGAAAAGTTGCTAATGCTGGTACTGCTGCTCAATTAGATGCT 
TATATGGATGACGCTCAAAAAGATTTCAAACAAACTAACCCTAATGGTGAAAGCATTAGGGTTCAAGC 
AGGCGATATGGTTGGAGCAAGTCCAGCCAACTCTGGGCTTCTTCAAGATGAACCAACTGTCAAAAATT 
TTAATGCAATGAATGTTGAGTATGGCACATTGGGTAACCATGAATTTGATGAAGGGTTGGCAGAATAT 
AATCGTATCGTTACTGGTAAAGCCCCTGCTCCAGATTCTAATATTAATAATATTACGAAATCATACCC 

15 ACATGAAGCTGCAAAACAAGAAATTGTAGTGGCAAATGTTATTGATAAAGTTAACAAACAAATTCCTT 
ACAATTGGAAGCCTTACGCTATTAAAAATATTCCTGTAAATAACAAAAGTGTGAACGTTGGCTTTATC 
GGGATTGTCACCAAAGACATCCCAAACCTTGTCTTACGTAAAAATTATGAACAATATGAATTTTTAGA 
TGAAGCTGAAA.CAATCGTTAAATACGCCAAAGAATTACAAGCTAAAAATGTCAAAGCTATTGTAGTTC 
TCGCACATGTACCTGCAACAAGTAAAAATGATATTGCTGAAGGTGAAGCAGCAGAAATGATGAAAAAA 

20 GTCAATCAACTCTTCCCTGAAAATAGCGTAGATATTGTCTTTGCTGGACACAATCATCAATATACAAA 
TGGTCTTGTTGGTAAAACTCGTATTGTACAAGCGCTCTCTCAAGGAAAAGCCTATGCTGATGTACGTG 
GTGTCTTAGATACTGATACACAAGATTTCATTGAGACCCCTTCAGCTAAAGTAATTGCAGTTGCTCCT 
GGTAAAAAAACAGGTAGTGCCGATATTCAAGCCATTGTTGACCAAGCTAATACTATCGTTAAACAAGT 
AACAGAAGCTAAAATTGGTACTGCCGAGGTAAGTGTCATGATTACGCGTTCTGTTGATCAAGATAATG 

25 TTAGTCCGGTAGGCAGCCTCATCACAGAGGCTCAACTAGCAATTGCTCGAAAAAGCTGGCCAGATATC 
GATT T TGCCAT GACAAATAAT GGT GGCAT T CGTGCT GACT TACTCATCAAACCAGATGGAAC AATCAC 
CTGGGGAGCTGCACAAGCAGTTCAACCTTTTGGTAATATCTTACAAGTCGTCGAAATTACTGGTAGAG 
ATCTTTATAAAGCACTCAACGAACAATACGACCAAAAACAAAATTTCTTCCTTCAAATAGCTGGTCTG 
CGATACACTTACACAGATAATAZ^AGAGGGCGGGGAAGAAACACCATTTAAAGTTGTAAAAGCTTATAA 

30 ATCAAATGGTGAGGAAATCAATCCTGATGCAAAATACAAATTAGTTATCAATGACTTTTTATTCGGTG 
GTGGTGATGGCTTTGCAAGCTTCAGAAATGCCAAACTTCTAGGAGCCATTAACCCCGATACAGAGGTA 
TTTATGGCCTATATCACTGATTTAGAAAAAGCTGGTAAAAAAGTGAGCGTTCCAAATAATAAACCTAA 
AATCTATGTCACTATGAAGATGGTTAATGAAACTATTACACAAAATGATGGTACACATAGCATTATTA 
AGAAACTTTATTTAGATCGACAAGGAAATATTGTAGCACAAGAGATTGTATCAGACACTTTAAACCAA 

35 ACAAAATCAAAATCTACAAAAATCAACCCTGTAACTACAATTCACAAAAAACAATTACACCAATTTAC 
AGCTATTAACCCTATGAGAAATTATGGCAAACCATCAAACTCCACTACTGTAAAATCAAAACAATTAC 
CAAAAACAAACTCTGAATATGGACAATCATTCCTTATGTCTGTCTTTGGTGTTGGACTTATAGGAATT 
GCTTTAAATACAAAGAAAAAACATATGAAA 

40 SEQ ID NO. 81 

MKKKIILKSSVLGLVAGTSIMFSSVFADQVGVQVIGVNDF HGALDNTGTANMPDGKVANAGTAAOLDA 

YMDDAQKDFKQTNPNGESIRVQAGDMVGASPANSGLLQDEPTVKNFNAMNVEYGTLGNHEFDEGLAEY 

NRIVTGKAPAPDSNINNITKSYPHEAAKQEIWANVIDKVNKQIPYNWKPYAIKNIPVNNKSVNVGFI 

GIVTKDIPNLVLRKNYEQYEFLDEAETIVKYAKELQABCNVKAIWLAHVPATSKNDIAEGEAAEMMKK 

45 VNQLFPENSVDIVFAGHNHQYTNGLVGKTRIVQALSQGKAYADVRGVLDTDTQDFIETPSAKVIAVAP 

GKKTGSADIQA.IVDQANTIVKQVTEAKIGTAEVSVMITRSVDQDNVSPVGSLITEAQLAIARKSWPDI 

DFAMTNNGGIRADLLIKPDGTITWGAAQAVQPFGNILQWEITGRDLYKALNEQYDQKQNFFLQIAGL 

RYTYTDNKEGGEETPFKWKAYKSNGEEINPDAKYKLVINDFLFGGGDGFAS FRNAKLLGAINPDTEV 

FMAYITDLEKAGKKVSVPNNKPKI YVTMKMVNETITQNDGTHS I IKKLYLDRQGNIVAQEIVS DTLNQ 

50 TKSKSTKINPVTTIHKKQLHQFTAINPMRNYGKPSNSTTVKS KQLPKTNSEYGQSFLMS VFGVGLIGI 
ALNTKKKHMK ~ 
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GBS 328 may contain an N-terminal leader or signal sequence region which is indicated by 
the underlined sequence at the beginning of SEQ ID NO: 81 above. In one embodiment, one or more 
amino acids from the leader or signal sequence region of GBS 328 are removed. An example of such 
5 a GBS 328 fragment is set forth below as SEQ ID NO: 82. 



SEQ ID NO: 82 

HGAIj DN T GT ANMP D GK VANAGT AAQL DA YMD DAQKD FKQTN PNGE S I RVQAG DMVG AS PANSGLLQDE 
PTVKNFNAMNVEYGTLGNHEFDEGLAEYNRIVTGKAPAPDSNINNITKSYPHEAAKQEIWANVIDKV 

10 NKQ I PYNWKPYAIKNI PVNNKS VNVGFIGIVTKDI PNL VLRKN YE Q YE FL DEAET I VKYAKELQAKNV 
KAIWLAHVPATSKNDIAEGEAAEMMKKVNQLFPENSVDIVFAGHNHQYTNGLVGKTRIVQALSQGKA 
YADVRGVLDTDTQDFIETPSAKVIAVAPGKKTGSADIQAIVDQANTIVKQVTEAKIGTAEVSVMITRS 
VDQDNVSPVGSLITEAQLAIARKSWPDIDFAMTNNGGIRADLLIKPDGTITWGAAQAVQPFGNILQVV 
EITGRDLYKALNEQYDQKQNFFLQIAGLRYTYTDNKEGGEETPFKWKAYKSNGEEINPDAKYKLVIN 

15 DFLFGGGDGFASFRNAKLLGAINPDTEVFMAYITDLEKAGKKVSVPNNKPKIYVTMKMVNETITQNDG 
THSIIKKLYLDRQGNIVAQEIVSDTLNQTKSKSTKINPVTTIHKKQLHQFTAINPMRNYGKPSNSTTV 
KSKQLPKTNSEYGQSFLMSVFGVGLIGIALNTKKKHMK 

GBS 328 may also contain a transmembrane and/or cytoplasmic domain region. In one 
20 embodiment, one or more amino acids from the transmembrane and/or cytoplasmic domain region of 
GBS 328 are removed. An example of such a GBS 328 fragment is set forth below as SEQ ID NO: 
83. 



SEQ ID NO: 83 

25 MKKKIILKSSVLGLVAGTSIMFSSVFADQVGVQVIGVNDFHGALDNTGTANMPDGKVANAGTAAQLDA 
YMDDAQKDFKQTNPNGE SI RVQAG DMVGAS PANSGLLQDEPTVKNFNAMNVEYGTLGNHEFDEGLAEY 
NRIVTGECAPAPDSNINNITKSYPHEAAKQEIWANVIDKVNKQIPYNWKPYAIKNIPVNNKSVNVGFI 
GIVTKDIPNLVLRKNYEQYEFLDEAETIVKYAKELQAKNVKAIWLAHVPATSKNDIAEGEAAEMMKK 
VNQLFPENSVDIVFAGHNHQYTNGLVGKTRIVQALSQGKAYADVRGVLDTDTQDFIETPSAKVIAVAP 

30 GKKTGSADIQAIVDQANTIVKQVTEAKIGTAEVSVMITRSVDQDNVS PVGSLITEAQLAIARKSWPDI 
DFAMTNNGGIRADLLIKPDGTITWGAAQAVQPFGNILQWEITGRDLYKALNEQYDQKQNFFLQIAGL 
RYTYTDNKEGGEETPFKWKAYKSNGEEINPDAKYKLVINDFLFGGGDGFASFRNAKLLGAINPDTEV 
EHAYITDLEKAGKKVSVPNNKPKIYVTMKMVNETITQNDGTHSIIKKLYLDRQGNIVAQEIVSDTLNQ 
TKSKSTKINPVTTIHKKQLHQFTAINPMRNYGKPSNSTTVKS 

35 

In one embodiment, one or more amino acids from the leader or signal sequence region and 
one or more amino acids from the transmembrane or cytoplasmic region of GBS 328 are removed. 
An example of such a GBS 328 fragment is set forth below as SEQ ID NO: 84. 



40 SEQ ID NO: 84 

HGAIi DNTGTANMPDGKVANAGTAAQLDAYMDDAQKDFKQTNPNGESIRVQAGDMVGAS PANSGLLQDE 
PTVKNFNAMNVEYGTLGNHEFDEGLAEYNRIVTGKAPAPDSNINNITKSYPHEAAKQEIWANVIDKV 
NKQIPYNWKPYAIKNIPVNNKSVNVGFIGIVTKDIPNLVLRKNYEQYEFLDEAETIVKYAKELQAKNV 
KAIWLAHVPATSKNDIAEGEAAEMMKKVNQLFPENSVDIVFAGHNHQYTNGLVGKTRIVQALSQGKA 
45 YADVRGVLDTDTQDFIETPSAKVIAVAPGKKTGSADIQAIVDQANTIVKQVTEAKIGTAEVSVMITRS 
VDQDNVS PVGSLITEAQLAIARKSWPDI DFAMTNNGGIRADLLIKPDGTITWGAAQAVQPFGNILOVV 
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EITGRDLYKALNEQYDQKQNFFLQIAGLRYTYTDNKEGGEETPFKWKAYKSNGEEINPDAKYKLVIN 
DFZL FGGGDGFAS FRNAKLLGAINPDTE VFMAYIT DLEKAGKK VS VPNNKPKI YVTMKMVNET I TQNDG 

THSIIKKLYLDRQGNIVAQEIVSDTLNQTKSKSTKINPVTTIHKKQLHQFTAINPMRNYGKPSNSTTV 
KS 

GBS656 

GBS 656 refers to a putative DNA-entry nuclease. Nucleotide and amino acid sequences of 
GB S 656 sequenced from serotype V isolated strain 2603 V/R are set forth in Ref. 2 as SEQ ID 9323 
and SEQ ID 9324. These sequences are set forth below as SEQ ID NOS 85 and 86: 

SEQ ID NO. 85 

ATGAAAAGATTACATAAACTGTTTATAACCGTAATTGCTACATTAGGTATGTTGGGGGTAATGACCTT 

TGGTCTTCCAACGCAGCCGCAAAACGTAACGCCGATAGTACATGCTGATGTCAATTCATCTGTTGATA 

CGAGCCAGGAATTTCAAAATAATTTAAAAAATGCTATTGGTAACCTACCATTTCAATATGTTAATGGT 

ATTTATGAATTAAATAATAATCAGACAAATTTAAATGCTGATGTCAATGTTAAAGCGTATGTTCAAAA 

TACAATTGACAATCAACAAAGACTATCAACTGCTAATGCAATGCTTGATAGAACCATTCGTCAATATC 

AAAATCGCAGAGATACCACTCTTCCCGATGCAAATTGGAAACCATTAGGTTGGCATCAAGTAGCTACT 

AATGACCATTATGGACATGCAGTCGACAAGGGGCATTTAATTGCCTATGCTTTAGCTGGAAATTTCAA 

AGGTTGGGATGCTTCCGTGTCAAATCCTCAAAATGTTGTCACACAAACAGCTCATTCCAACCAATCAA 

ATCAAAAAATCAATCGTGGACAAAATTATTATGAAAGCTTAGTTCGTAAGGCGGTTGACCAAAACAAA 

CGTGTTCGTTACCGTGTAACTCCATTGTACCGTAATGATACTGATTTAGTTCCATTTGCAATGCACCT 

AGAAGCTAAATCACAAGATGGCACATTAGAATTTAATGTTGCTATTCCAAACACACAAGCATCATACA 
CTATGGATTATGCAACAGGAGAAATAACACTAAAT 

SEQ ED NO. 86 

MKRLHKLFITVIATLGMLGVMTFGLPTQPQNVTPIVHADVNSSVDTSQEFQNNLKNAIGNLPFQYVNG 
I YE LNNNQTNLNADVN VKAYVQNT I DNQQRLS TANAMLDRT I RQ YQNRRDT TL PDANWKPLGWHQVAT 
N DKt YGHAVDKGHL I AYALAGN FKGWDAS VSN PQN WTQT AHSNQS NQKI NRGQN YYE SL VRKAVDQNK 
RVRYRVTPLYRNDTDLVPFAMHLEAKSQDGTLEFNVAIPNTQASYTMDYATGEITLN 

GBS 67 

The following offers examples of preferred GBS 67 fragments. Nucleotide and amino acid 
sequence of GBS 67 sequences from serotypeV isolated strain 2603 are set forth below as SEQ ID 
NOS: 87 and 88. 

SEQ D> NO: 87 

ATGAGAAAATACCAAAAATTTTCTAAAATATTGACGTTAAGTCTTTTTTGTTTGTCGCAAATACCGCT 
TAATACCAATGTTTTAGGGGAAAGTACCGTACCGGAAAATGGTGCTAAAGGAAAGTTAGTTGTTAAAA 
AGACAGATGACCAGAACAAACCACTTTCAAAAGCTACCTTTGTTTTAAAAACTACTGCTCATCCAGAA 
AGTAAAATAGAAAAAGTAACTGCTGAGCTAACAGGTGAAGCTACTTTTGATAATCTCATACCTGGAGA 
TTATACTTTATCAGAAGAAACAGCGCCCGAAGGTTATAAAAAGACTAACCAGACTTGGCAAGTTAAGG 
TTGAGAGTAATGGAAAAACTACGATACAAAATAGTGGTGATAAAAATTCCACAATTGGACAAAATCAG 
GAAGAACTAGATAAGCAGTATCCCCCCACAGGAATTTATGAAGATACAAAGGAATCTTATAAACTTGA 
GCATGTTAAAGGTTCAGTTCCAAATGGAAAGTCAGAGGCAAAAGCAGTTAACCCATATTCAAGTGAAG 
GTGAGCATATAAGAGAAATTCCAGAGGGAACATTATCTAAACGTATTTCAGAAGTAGGTGATTTAGCT 
CATAATAAATATAAAATTGAGTTAACTGTCAGTGGAAAAACCATAGTAAAACCAGTGGACAAACAAAA 
GCCGTTAGATGTTGTCTTCGTACTCGATAATTCTAACTCAATGAATAACGATGGCCCAAATTTTCAAA 
GGCATAATAAAGCCAAGAAAGCTGCCGAAGCTCTTCGGACCGCAGTAAAAGATATTTTAGGAGCAAAC 
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AGTGATAATAGGGTTGCATTAGTTACCTATGGTTCAGATATTTTTGATGGTAGGAGTGTAGATGTCGT 
AAAAGGATTTAAAGAAGATGATAAATATTATGGCCTTCAAACTAAGTTCACAATTCAGACAG^AGAATT 
ATAGTCATAAACAATTAACAAATAATGCTGAAGAGATTATAAAAAGGATTCCGACAGAAGCTC^CTA^A 
GCTAAGTGGGGATCTACTACCAATGGATTAACTCCAGAGCAACAAAAGGAGTACTATCTTAGTAAAGT 

aggagaaacatttactatgaaagccttcatggaggcagatgatattttgagtcaIgtaaatcgX^ 

GTCAAAAAATTATTGTTCATGTAACTGATGGTGTTCCTACGAGATCATATGCTATTAATAATTTTAAA 

ctgggtgcatcatatgaaagccaatttgaacaaatgaaaaaaaatggatatctaaataaaagtS 

TCTACTTACTGATAAGCCCGAGGATATAAAAGGAAATGGGGAGAGTTACTTTTTGTTTCCCTTAGATA 
GTTATCAAACACAGATAATCTCTGGAAACTTACAAAAACTTCATTATTTAGATTTAAATCTTAATTAC 
^^ GGTAC ^ TTTATCG ^ T GGACCAGTGAAAGAACATGGAACACCAACCAAACTTT^ 
TAGTTTAAAACAGAAAAATTATGACATTTTTAATTTTGGTATCGATATATCTGGTTTTAGACAAGTTT 

TCAGATGGAGAAAT^Av.^o^CxAATtiAGGTCGTTCTCTTCCAAACCTGAGTACTACACCCCTATCGT 

AACTTCAGCCGATACATCTAACAATGAAATTTTATCTAAAATTCAGCAACAATTTGAAACGATTTTAA 

CAAAAGAAAACTCAATTGTTAATGGAACTATCGAAGATCCTATGGGTGATAAAATCAATTTACAGCTT 

GGTAATGGACAAACATTACAGCCAAGTGATTATACTTTACAGGGAAATGATGGAAG^TAATGAAGGA 

TGGTATTGCAACTGGTGGGCCTAATAATGATGGTGGAATACTTAAGGGGGTTAAATTAGA^TACATCG 

GAAATAAACTCTATGTTAGAGGTTTGAATTTAGGAGAAGGTCAAAAAGTAACACTCACATATGATCT 

AAACTAGATGACAGTTTTATAAGTAACAAATTCTATGACACTAATGGTAGAACAACATTGAATCCTAA 

GTCAGAGGATCCTAATACACTTAGAGATTTTCCAATCCCTAAAATTCGTGATGTGAGAGAATATCCTA 

CAAT AAC GAT T AAAAAC GAG AAGAAGT T AGGT GAAATT G AAT T TATAAAAGT T GATAAAGAT AAT AAT 

AATAAAAAATAATAATTCAAAAGTAGTGACGGGAGAAAACGGCAAAATTTCTTACAAAGATTTGAAAG 

ATGGCAAATATCAGTTAATAGAAGCAGTTTCGCCGGAGGATTATCAAAAAATTACTAAT^ 

TTAACTTTTGAAGTGGTTAAAGGATCGATAAAAAATATAATAGCTGTTAATAAACAGATTTCTGAATA 

tcatgaggaaggtgacaagcatttaattaccaacacgcatattccaccaaaaggaK™ 

TATATTTGGAAAAGGTATAAGAAATCTAGTGATATGTCCATCAAAAAAGAT 
SEQ ID NO: 88 

MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTDDQNKPLSKATFVLKTTAHPE 

SKIEKVTAELTGEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQ^G^NSTIG^NO 
EELDKQYPPTGIYEDTKESYKLEHVKGSVPNGK^ 

HNKYKIELTVSGKTIVKPVDKQKPLDWFVLDNSNSMNNDGPNFQRHNKAKKAAEALGTAVKDILGAN 
S DNRVAL VT YGS DI FDGRS VD WKGFKE DDKYYGLQTKFT I QTENYS HKQLTNNAEE I IKRI PTEAPK 

ABOTGSTTNGLTPEQQKEYYLSKVGETFTMKAFMEADDILSQVNRNSQKIIVHVTDGVPTR^ 

LGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFLFPLDSYQTQIISGNLQKLHYLDLNLN^ 

pkgtiyrngpvkehgtptklyinslkqknydifnfgidisgfrq™^ 

KLDDSFISNKFYDTNGRTTLNPKSEDPNTLRDFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNN 
KLLLKGATFELQEFNEDYKLYLPIKNNNSKVVTGENGKISYKDLKDGKYQLIEAVSPEDY^ 

SwkrTkkssdS 

GBS 67 contains a C-tenninns transmembrane region which is indicated by the underlined 
region closest to the C-terminus of SEQ ID NO: 88 above. In one embodiment; one or more amino 
acids from the transmembrane region is removed and or the amino acid is truncated before the 
transmembrane region. An example of such a GBS 67 fragment is set forth below as SEQ ID NO: 89. 
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SEQ ID NO: 89 

MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTDDQNKPLSKATFVLKTTAHPE 
SKIEKVTAELTGEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQNSGDKNSTIGQNQ 
EELDKQYPPTGIYEDTKESYKLEHVKGSVPNGKSEAKAVNPYSSEGEHIREIPEGTLSKRISEVGDLA 
HNKYKIELTVSGKTIVKPVDKQKPLDWFVLDNSNSMNNDGPNFQRHNKAKKAAEALGTAVKDILGAN 
SDNRVALVTYGSDIFDGRSVDWKGFKEDDKYYGLQTKFTIQTENYSHKQLTNNAEEIIKRIPTEAPK 
AKWGSTTNGLTPEQQKEYYLSKVGETFTMKAFMEADDILSQVNRNSQKIIVHVTDGVPTRSYAINNFK 
LGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFLFPLDSYQTQIISGNLQKLHYLDLNLNY 
PKGTIYRNGPVKEHGTPTiCLYINSLKQKNYDIFNFGIDISGFRQVYNEEYKKNQDGTFQKLKEEAFKL 
SDGEITELMRSFSSKPEYYTPIVTSADTSNNEILSKIQQQFETILTKENSIVNGTIEDPMGDKINLQL 
GNGQTLQPSDYTLQGNDGSVMKDGIATGGPNNDGGILKGVKLEYIGNKLYVRnLNL^G^KV^T-TVDV 
KLDDSFISNKFYDTNGRTTLNPKSEDPNTLRDFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNN 
KLLLKGAT FELQE FNE D YKL YL P I KNNNS KWTGENGKI S YKDLKDGKYQL I E AVS PE D YQKI TNKP I 

LTFEWKGSIKNIIAVNKQISEYHEEGDKHLITNTHIPPKGIIPMTGGKGILS 

GBS 67 contains an amino acid motif indicative of a cell wall anchor (an LPXTG motif): 

SEQ ID NO: 90 IPMTG. (shown in italics in SEQ ID NO: 88 above). In some recombinant host cell 
systems, it may be preferable to remove this motif to facilitate secretion of a recombinant GBS 67 
protein from the host cell. Accordingly, in one preferred fragment of GBS 67 for use in the invention, 
the transmembrane and the cell wall anchor motif are removed from GBS 67. An example of such a 
GBS 67 fragment is set forth below as SEQ ID NO: 91. 

SEQ ID NO: 91 

MRKYQKFSKILTLSLFCLSQIPLNTNVLGESTVPENGAKGKLWKKTDDQNKPLSKATFVLKTTAHPE 
SKIEKVTAELTGEATFDNLIPGDYTLSEETAPEGYKKTNQTWQVKVESNGKTTIQNSGDKNSTIGQNQ 
EELDKQYPPTGIYEDTKESYKLEHVKGSVPNGKSEAKAVNPYSSEGEHIREIPEGTLSKRISEVGDLA 
HNKYKIELTVSGKTIVKPVDKQKPLDWFVLDNSNSMNNDGPNFQRHNKAKBCAAEALGTAVKDILGAN 
SDNRVALVTYGSDIFDGRSVDWKGFKEDDKYYGLQTKFTIQTENYSHKQLTNNAEEIIKRIPTEAPK 
AKWGSTTNGLTPEQQKEYYLSKVGETFTMKAFMEADDILSQVNRNSQKIIVHVTDGVPTRSYAINNFK 
LGASYESQFEQMKKNGYLNKSNFLLTDKPEDIKGNGESYFLFPLDSYQTQIISGNLQKLHYLDLNLNY 
PKGTIYRNGPVKEHGTPTKLYINSLKQKNYDIFNFGIDISGFRQVYNEEYKKNQDGTFQKLKEEAFKL 
SDGEITELMRSFSSKPEYYTPIVTSADTSNNEILSKIQQQFETILTKENSIVNGTIEDPMGDKINLQL 
GNGQTLQPSDYTLQGNDGSVMKDGIATGGPNNDGGILKGVKLEYIGNKLYVRGLNLGEGQKVTLTYDV 
KLDDSFISNKFYDTNGRTTLNPKSEDPNTLRDFPIPKIRDVREYPTITIKNEKKLGEIEFIKVDKDNN 
KLLLKGAT FELQEFNEDYKLYLPIKNNNSKWTGEIJGKISYKDLKDGKYQLIEAVSPEDYQKITNKPI 
LTFEWKGSIKNIIAVNKQISEYHEEGDKHLITNTHIPPKGI 

The compositions of the invention may also include combinations including one or more 
known GBS antigens in combination with GBS 80. 

There is an upper limit to the number of GBS antigens which will be in the compositions of 
the invention. Preferably, the number of GBS antigens in a composition of the invention is less than 
20, less than 19, less than 18, less than 17, less than 16, less than 15, less than 14, less than 13, less 
than 12, less than 1 1, less than 10, less than 9, less than 8, less than 7, less than 6, less than 5, less than 
4, or less than 3. Still more preferably, the number of GBS antigens in a composition of the invention 
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is less than 6, less than 5, or less than 4. Still more preferably, the number of GBS antigens in a 
composition of the invention is 3. 

The GBS antigens used in the invention are preferably isolated, i.e., separate and discrete, 
from the whole organism with which the molecule is found in nature or, when the polynucleotide or 
5 polypeptide is not found in nature, is sufficiently free of other biological macromolecules so that the 
polynucleotide or polypeptide can be used for its intended purpose. 

Fusion Proteins 

The GBS antigens used in the invention may be present in the composition as individual 
10 separate polypeptides, but it is preferred that at least two (i.e. 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 
15, 1 6, 17, or 18) of the antigens are expressed as a single polypeptide chain (a "hybrid" or "fusion" 
polypeptide). Such fusion polypeptides offer two principal advantages: first, a polypeptide that may 
be unstable or poorly expressed on its own can be assisted by adding a suitable fusion partner that 
overcomes the problem; second, commercial manufacture is simplified as only one expression and 
1 5 purification need be employed in order to produce two polypeptides which are both antigenically 
useful. 

The fusion polypeptide may comprise two or more polypeptide sequences from the group 
consisting of GBS 80, GBS 91, GBS 104, GBS 184, GBS 276, GBS 305, GBS 322, GBS 330, GBS 
338, GBS 361, GBS 404, GBS 690 and GBS 691. Preferably, the polypeptide sequences are selected 

20 from the group consisting of GBS 80, GBS 1 04 and GBS 322. Most preferably, the fusion peptide 
includes a polypeptide sequence from GBS 80. Accordingly, the invention includes a fusion peptide 
comprising a first amino acid sequence and a second amino acid sequence, wherein said first and 
second amino acid sequences are selected from a GBS antigen or a fragment thereof of the above 
antigen group. Preferably, the first and second amino acid sequences in the fusion polypeptide 

25 comprise different epitopes. 

EXAMPLE 7: Examples of fragments for fusion proteins from 
GBS 80 with GBS 104. and GBS 322 
Examples of GBS fragments for fusion proteins are provided from GBS 322, GBS 104, and 

30 GBS 80. One example of a fragment of GBS 322 in a fusion protein is a 407 amino acid fragment 

with the signal peptide removed. Fragments of GBS 104 may also be incorporated in fusion proteins. 
An example of GBS 104 fragments includes an 830 amino acid fragment, a 359 amino acid fragment 
from near the N-terminus, a 581 amino acid fragment from near the N-tenninus, and a 740 amino acid 
fragment from near the N-terminus. Examples of GBS 80 fragments include a 446 amino acid 

35 fragment and a 235 amino acid fragment. Table 13 below summarizes the examples of fragments for 
fusion proteins and their locations within the corresponding full length GBS protein. 
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Table 13: Active Maternal Immunization Assay using combinations of GBS 80 

with GBS 104 and GBS 322 



GBS 


Size (AA) 


SEQ ID NO From ... to 


322 


407 


92 


25-432 


104 


830 


96 


28-858 


104 Nl 


359 


97 


28-387 


104 N2 


581 


98 


28-609 


104 N3 


740 


99 


28-768 


80 


446 


100 


37-483 


80N 


235 


101 


37-272 



5 

Hybrids (or fusions) consisting of amino acid sequences from two, three, four, five, six, 
seven, eight, nine, or ten GBS antigens are preferred. In particular, hybrids consisting of amino acid 
sequences from two, three, four, or five GBS antigens are preferred. 

Different hybrid polypeptides may be mixed together in a single formulation. Within such 
10 combinations, a GBS antigen may be present in more than one hybrid polypeptide and/or as a 

non-hybrid polypeptide. It is preferred, however, that an antigen is present either as a hybrid or as a 
non-hybrid, but not as both. 

Hybrid polypeptides can be represented by the formula NH 2 -A-{-X-L-}, r B-COOH, wherein: 
X is an amino acid sequence of a GBS antigen or a fragment thereof from the antigen group set forth 
1 5 above; Lis an optional linker amino acid sequence; A is an optional N-tenninal amino acid sequence; 
B is an optional C-terminal amino acid sequence; and n is 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14 or 15. 

If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or 
omitted in the hybrid protein. In some embodiments, the leader peptides will be deleted except for 
that of the -X- moiety located at the N-terminus of the hybrid protein i.e. the leader peptide of X! will 
20 be retained, but the leader peptides of X 2 . . . X n will be omitted. This is equivalent to deleting all 
leader peptides and using the leader peptide of Xi as moiety -A-. 

For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or absent. 
For instance, when «=2 the hybrid may be NHs-X^L^Xa-I^-COOH, NH 2 -X r X 2 -COOH, 
NH 2 ~Xi-Li-X 2 -COOH, NH2-X1-X2-L2-COOH, etc. Linker amino acid sequence(s) -L- will typically 
25 be short (e.g. 20 or fewer amino acids i.e. 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). 
Examples comprise short peptide sequences which facilitate cloning, poly-glycine linkers (i.e. 
comprising Gly„ where n = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags (i.e. His,, where n = 3, 
4, 5, 6, 7, 8, 9, 10 or more). Other suitable linker amino acid sequences will be apparent to those 
skilled in the art. A useful linker is GSGGGG, with the Gly-Ser dipeptide being formed from a 
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BamHL restriction site, thus aiding cloning and manipulation, and the (Gly) 4 tetrapeptide being a 
typical poly-glycine linker. 

-A- is an optional N-terminal amino acid sequence. This will typically be short (e.g. 40 or 
fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 
18, 17, 16, 15, 14, 13, 12, 1 1, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include leader sequences to direct 
protein trafficking, or short peptide sequences which facilitate cloning or purification (e.g. histidine 
tags i.e. His M where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid 
sequences will be apparent to those skilled in the art. If X! lacks its own N-terminus methionine, -A- 
is preferably an oligopeptide (e.g. with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a 
N-terminus methionine. 

-B- is an optional C-terminal amino acid sequence. This will typically be short (e.g. 40 or 
fewer amino acids i.e. 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 
18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples include sequences to direct 
protein trafficking, short peptide sequences which facilitate cloning or purification (e.g. comprising 
histidine tags i.e. His,, where n = 3, 4, 5, 6, 7, 8, 9, 10 or more), or sequences which enhance protein 
stability. Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art. 
Most preferably, n is 2 or 3. 

EXAMPLE 8: Active Ma ternal Im munization Assay using fusion proteins of 
Fragments of GBS 80. GBS 67. and GBS 322 
In this example, fusion proteins of GBS antigens was used in the Active Maternal 

Immunization Assay with an isolate challenge of different GBS strains. In these experiments, the 

challenge dose for the different GBS strains was sufficient to kill approximately 70 - 90% of 

unimmunized pups and is equal to 10 x LD 50% (where LD 50% is the statistically derived Median 

Lethal Dose). The maternal mice were immunized according to the Active Maternal Immunization 

Assay schedule described above with the fusion proteins of a GBS 80 antigen with GBS 322 antigen 

in the GBS strains set forth in Table 14 below. Survival % was observed with the GBS fusion 

proteins. As shown in Table 14, in this particular challenge study, the survival rates for the fusion 

proteins in all of the GBS strains achieved up to 79%. 
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Table 14: Active Maternal Immunization Assay using fusion proteins of 

GBS80withGBS322 





COH1 (TO) 


CJB111 (V) 


515 (la) 


DK21(H) 


2603 (V) 
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Dead/ 
treated 


Survival 
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treated 
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% 


Dead/ 
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Survival 
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Dead/ 
treated 


Survival 

% 


Dead/ 
treated 


Suirvival 
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80N-322 


16/40 
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8/39 
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12/28 
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5 

Nucleic Acids 

The invention also provides nucleic acid encoding the GBS antigens and/or the hybrid fusion 
polypeptides of the invention. Furthermore, the invention provides nucleic acid which can hybridise 
to these nucleic acids, preferably under "high stringency" conditions (e.g. 65°C in a O.lxSSC, 0.5% 
10 SDS solution). 

Polypeptides of the invention can be prepared by various means (e.g. recombinant expression, 
purification from cell culture, chemical synthesis, etc.) and in various forms (e.g. native, fusions, 
non-glycosylated, lipidated, etc.). They are preferably prepared in substantially pure form (i.e. 
substantially free from other GAS or host cell proteins). 

1 5 Nucleic acid according to the invention can be prepared in many ways (e.g. by chemical 

synthesis, from genomic or cDNA libraries, from the organism itself, etc.) and can take various forms 
(e.g. single stranded, double stranded, vectors, probes, etc.). They are preferably prepared in 
substantially pure form (i.e. substantially free from other GBS or host cell nucleic acids). 

The term "nucleic acid 5 ' includes DNA and RNA, and also their analogues, such as those 

20 containing modified backbones (e.g. phosphorothioates, etc.), and also peptide nucleic acids (PNA), 
etc. The invention includes nucleic acid comprising sequences complementary to those described 
above (e.g. for antisense or probing purposes). 

The invention also provides a process for producing a polypeptide of the invention, 
comprising the step of culturing a host cell transformed with nucleic acid of the invention under 

25 conditions which induce polypeptide expression. 
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The invention provides a process for producing a polypeptide of the invention, comprising the 
step of synthesising at least part of the polypeptide by chemical means. 

The invention provides a process for producing nucleic acid of the invention, comprising the 
step of amplifying nucleic acid using a primer-based amplification method {e.g. PCR). 
5 The invention provides a process for producing nucleic acid of the invention, comprising the 

step of synthesising at least part of the nucleic acid by chemical means. 

Purification and Recombinant Expression 

The GBS antigens of the invention may be isolated from Streptococcus agalactiae, or they 

1 0 may be recombinant^ produced, for instance, in a heterologous host. Preferably, the GBS antigens 
are prepared using a heterologous host. The heterologous host may be prokaryotic (e.g. a bacterium) 
or eukaryotic. It is preferably E.coli, but other suitable hosts include Bacillus subtilis, Vibrio 
cholerae, Salmonella typhi, Salmonella typhimurium, Neisseria lactamica, Neisseria cinerea, 
Mycobacteria (e.g. M.tuberculosis\ yeasts, etc. 

1 5 Recombinant production of polypeptides is facilitated by adding a tag protein to the GBS 

antigen to be expressed as a fusion protein comprising the tag protein and the GBS antigen. Such tag 
proteins can facilitate purification, detection and stability of the expressed protein. Tag proteins 
suitable for use in the invention include a polyarginine tag (Arg-tag), polyhistidine tag (His-tag), 
FLAG-tag, Strep-tag, c-myc-tag, S-tag, calmodulin-binding peptide, cellulose-binding domain, SBP- 

20 tag,, chitin-binding domain, glutathione S-transferase-tag (GST), maltose-binding protein, 

transcription termination anti-terminiantion factor (NusA), E. coli thioredoxin (TrxA) and protein 
disulfide isomerase I (DsbA). Preferred tag proteins include His-tag and GST. A full discussion on 
the use of tag proteins can be found at Ref. 3. 

After purification, the tag proteins may optionally be removed from the expressed fusion 

25 protein, i.e., by specifically tailored enzymatic treatments known in the art. Commonly used 
proteases include enterokinase, tobacco etch virus (TEV), thrombin, and factor X a . 

GBS polysaccharides 

The compositions of the invention may be further improved by including GBS 
30 polysaccharides. Preferably, the GBS antigen and the saccharide each contribute to the immu nological 
response in a recipient. The combination is particularly advantageous where the saccharide and 
polypeptide provide protection from different GBS serotypes. 

The combined antigens may be present as a simple combination where separate saccharide 
and polypeptide antigens are administered together, or they may be present as a conjugated 
35 combination, where the saccharide and polypeptide antigens are covalently linked to each other. 
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Thus the invention provides an immunogenic composition comprising (i) one or more GBS 
polypeptide antigens and (ii) one or more GBS saccharide antigens. The polypeptide and the 
polysaccharide may advantageously be covalently linked to each other to form a conjugate. 

Between them, the combined polypeptide and saccharide antigens preferably cover (or 
5 provide protection from) two or more GBS serotypes (e.g. 2, 3, 4, 5, 6, 7, 8 or more serotypes). The 
serotypes of the polypeptide and saccharide antigens may or may not overlap. For example, the 
polypeptide might protect against serogroup B or V, while the saccharide protects against either 
serogroups la, lb, or D3. Preferred combinations protect against the following groups of serotypes: 
(1) serotypes la and lb, (2) serotypes la and II, (3) serotypes la and m, (4) serotypes la and IV, (5) 
1 0 serotypes la and V, (6) serotypes la and VI, (7) serotypes la and VH, (8) serotypes la and VIH, (9) 
serotypes lb and E, (10) serotypes lb and m, (1 1) serotypes lb and IV, (12) serotypes lb and V, (13) 
serotypes lb and VI, (14) serotypes lb and VB, (15) serotypes lb and Vffl, 16) serotypes B and m, 
(17) serotypes H and IV, (18) serotypes B and V, (19) serotypes B and VI, (20) serotypes B and VH, 
(21) serotypes B and VB, (22) serotypes IB and IV, (23) serotypes IB and V, (24) serotypes IB and 
1 5 VI, (25) serotypes IB and VB, (26) serotypes BI and Vffl, (27) serotypes IV and V, (28) serotypes IV 
and VI, (29) serotypes IV and VB, (30) serotypes IV and Vffl, (31) serotypes V and VI, (32) 
serotypes V and VB, (33) serotypes V and Vffl, (34) serotypes VI and VB, (35) serotypes VI and 
Vffl, and (36) serotypes VB and VBI. 

Still more preferably, the combinations protect against the following groups of serotypes: (1) 
20 serotypes la and B, (2) serotypes la and V, (3) serotypes lb and B, (4) serotypes lb and V, (5) 

serotypes IB and B, and (6) serotypes IB and V. Most preferably, the combinations protect against 
serotypes BI and V. 

Protection against serotypes B and V is preferably provided by polypeptide antigens. 
Protection against serotypes la, lb and/or IB may be polypeptide or saccharide antigens. 

25 lh one embodiment, the immunogenic composition comprises a GBS saccharide antigen and 

at least two GBS polypeptide antigens or fragments thereof, wherein said GBS saccharide antigen 
comprises a saccharide selected from GBS serotype la, lb, and BI, and wherein said GBS polypeptide 
antigens comprise a combination of at least two polypeptide or a fragment thereof selected from the 
antigen group consisting of GBS 80, GBS 91, GBS 104, GBS 184, GBS 276, GBS 305, GBS 322, 

30 GBS 330, GBS 338, GBS 361, GBS 404, GBS 690, and GBS 691. Preferably, the combination 
includes one or more of GBS 80, GBS 104 and GBS 322. Still more preferably, the combination 
includes GBS 80 or a fragment thereof. 

In certain embodiments, the compositions of the invention do not include a GBS 
polysaccharide. In certain embodiments, the combination does not include one or more of the GBS 

35 antigens selected from the group consisting of GBS 4, GBS 22, GBS 85, GBS 338 and GBS 361. 
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Immunogenic compositions and medicaments 

Compositions of the invention are preferably immunogenic compositions, and are more 
preferably vaccine compositions. The pH of the composition is preferably between 6 and 8, 
preferably about 7. The pH may be maintained by the use of a buffer. The composition may be 
sterile and/or pyrogen-free. The composition may be isotonic with respect to humans. 

Vaccines according to the invention may either be prophylactic {i.e. to prevent infection) or 
therapeutic (i.e. to treat infection), but will typically be prophylactic. Accordingly, the invention 
includes a method for the therapeutic or prophylactic treatment of a Streptococcus agalactiae 
infection in an animal susceptible to streptococcal infection comprising administering to said animal a 
therapeutic or prophylactic amount of the immunogenic compositions of the invention. 

The invention also provides a composition of the invention for use as a medicament. The 
medicament is preferably able to raise an immune response in a mammal (i.e. it is an immunogenic 
composition) and is more preferably a vaccine. 

The invention also provides the use of the compositions of the invention in the manufacture of 
a medicament for raising an immune response in a mammal. The medicament is preferably a vaccine. 

The invention also provides for a kit comprising a first component comprising a combination 
of GBS antigens. 

The invention also provides a delivery device pre-filled with the immunogenic compositions 
of the invention. 

The invention also provides a method for raising an immune response in a mammal 
comprising the step of administering an effective amount of a composition of the invention. The 
immune response is preferably protective and preferably involves antibodies and/or cell-mediated 
immunity. The method may raise a booster response. 

The mammal is preferably a human. Where the vaccine is for prophylactic use, the human is 
preferably a female (either of child bearing age or a teenager). Alternatively, the human may be 
elderly (e.g., over the age of 50, 55, 60, 65, 70 or 75) and may have an underlying disease such as 
diabetes or cancer. Where the vaccine is for therapeutic use, the human is preferably a pregnant 
female or an elderly adult. 

These uses and methods are preferably for the prevention and/or treatment of a disease caused 
by Streptococcus agalactiae. The compositions may also be effective against other streptococcal 
bacteria. 

One way of checking efficacy of therapeutic treatment involves monitoring GBS infection 
after administration of the composition of the invention. One way of checking efficacy of 
prophylactic treatment involves monitoring immune responses against the GBS antigens in the 
compositions of the invention after admimstration of the composition. 
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Compositions of the invention will generally be administered directly to a patient. Direct 
delivery may be accomplished by parenteral injection {e.g. subcutaneously, intraperitoneal!^ 
intradermally, intravenously, intramuscularly, or to the interstitial space of a tissue), or by rectal, oral 
(e.g. tablet, spray), vaginal, topical, transdermal {e.g. see ref. 4} or transcutaneous {e.g. see refs. 5 & 
6}, intranasal {e.g. see ref. 7}, ocular, aural, pulmonary or other mucosal administration. 

The invention may be used to elicit systemic and/or mucosal immunity. 

Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses 
may be used in a primary immunisation schedule and/or in a booster immunisation schedule. In a 
multiple dose schedule the various doses may be given by the same or different routes e.g. a 
parenteral prime and mucosal boost, a mucosal prime and parenteral boost, etc. 

The compositions of the invention may be prepared in various forms. For example, the 
compositions may be prepared as injectables, either as liquid solutions or suspensions. Solid forms 
suitable for solution in, or suspension in, liquid vehicles prior to injection can also be prepared (e.g. a 
lyophilised composition). The composition may be prepared for topical administration e.g. as an 
ointment, cream or powder. The composition may be prepared for oral administration e.g. as a tablet 
or capsule, as a spray, or as a syrup (optionally flavoured). The composition may be prepared for 
pulmonary administration e.g. as an inhaler, using a fine powder or a spray. The composition may be 
prepared as a suppository or pessary. The composition may be prepared for nasal, aural or ocular 
administration e.g. as drops. The composition may be in kit form, designed such that a combined 
composition is reconstituted just prior to administration to a patient. Such kits may comprise one or 
more antigens in liquid form and one or more lyophilised antigens. 

Immunogenic compositions used as vaccines comprise an hnmunologically effective amount 
of antigen(s), as well as any other components, as needed. By 'immunologically effective amount 5 , it 
is meant that the administration of that amount to an individual, either in a single dose or as part of a 
series, is effective for treatment or prevention. This amount varies depending upon the health and 
physical condition of the individual to be treated, age, the taxonomic group of individual to be treated 
(e.g. non-human primate, primate, etc.), the capacity of the individual's immune system to synthesise 
antibodies, the degree of protection desired, the formulation of the vaccine, the treating doctor's 
assessment of the medical situation, and other relevant factors. It is expected that the amount will fall 
in a relatively broad range that can be determined through routine trials. 

Further Components of the Composition 

The composition of the invention will typically, in addition to the components mentioned 
above, comprise one or more 'pharmaceutical^ acceptable carriers', which include any carrier that 
does not itself induce the production of antibodies harmful to the individual receiving the 
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composition. Suitable carriers are typically large, slowly metabolised macromolecules such as 
proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, amino acid 
copolymers, and lipid aggregates (such as oil droplets or liposomes). Such earners are well known to 
those of ordinary skill in the art. The vaccines may also contain diluents, such as water, saline, 
5 glycerol, etc. Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering 
substances, and the like, may be present. A thorough discussion of pharmaceutical^ acceptable 
excipients is available in reference 8. 

Vaccines of the invention may be administered in conjunction with other immunoregulatory 
agents. In particular, compositions will usually include an adjuvant. 
10 Preferred further adjuvants include, but are not limited to, one or more of the following set 

forth below: 

A. Mineral C ontainin g Compositions 

Mineral containing compositions suitable for use as adjuvants in the invention include 
mineral salts, such as aluminium salts and calcium salts. The invention includes mineral salts such as 

1 5 hydroxides (e.g. oxyhydroxides), phosphates (e.g. hydroxyphoshpates, orthophosphates), sulphates, 
etc. {e.g. see chapters 8 & 9 of ref. 9}), or mixtures of different mineral compounds, with the 
compounds taking any suitable form (e.g. gel, crystalline, amorphous, etc.), and with adsorption being 
preferred. The mineral containing compositions may also be formulated as a particle of metal salt. 
See ref. 10. 

20 B. Oil-Emulsions 

Oil-emulsion compositions suitable for use as adjuvants in the invention include 
squalene-water emulsions, such as MF59 (5% Squalene, 0.5% Tween 80, and 0.5% Span 85, 
formulated into submicron particles using a microfluidizer). See WO90/14837. See also, Frey et 
aL, "Comparison of the safety, tolerability, and immunogenicity of a MF59-adjuvanted influenza 

25 vaccine and a non-adjuvanted influenza vaccine in non-elderly adults", Vaccine (2003) 21 :4234 - 
4237. 

Particularly preferred adjuvants for use in the compositions are submicron oil-inwater 
emulsions. Preferred submicron oil-in-water emulsions for use herein are squalene/water 
emulsions optionally containing varying amounts of MTP-PE, such as a submicron oil-in-water 
30 emulsion containing 4-5% w/v squalene, 0.25-1 .0% w/v Tween 80 ™ (polyoxyelthylenesorbitan 
monooleate), and/or 0.25-1.0% Span 85™ (sorbitan trioleate), and, optionally, N-acetylmuramyl- 
L-alanyl-D-isoglua1mmyl-L-alan^ 

huydroxyphosphophoryloxy)-ethylamine (MTP-PE), for example, the submicron oil-in-water 
emulsion known as "MF59" (International Publication No. WO 90/14837; U.S. Patent Nos. 
35 6,299,884 and 6,451,325, incorporated herein by reference in their entireties; and Ott et al., 
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"MF59 - Design and Evaluation of a Safe and Potent Adjuvant for Human Vaccines" in Vaccine 
Design: The Subunit and Adjuvant Approach (Powell, M.F. and Newman, MJ. eds.) Plenum 
Press, New York, 1995, pp. 277-296). MF59 contains 4-5% w/v Squalene (e.g., 4.3%), 0.25- 
0.5% w/v Tween 80™, and 0.5% w/v Span 85™ and optionally contains various amounts of 
MTP-PE, formulated into submicron particles using a microfluidizer such as Model HOY 
microfluidizer (Microfluidics, Newton, MA). For example, MTP-PE may be present in an 
amount of about 0-500 jag/dose, more preferably 0-250 jig/dose and most preferably, 0-100 
jxg/dcse. As used herein, the term ,! MF59-0 !I refers to the above submicron oil-in-water emulsion 
lacking MTP-PE, while the term MF59-MTP denotes a formulation that contains MTP-PE. For 
instance, "MF59-100" contains 100 ^ig MTP-PE per dose, and so on. MF69, another submicron 
oil-in-water emulsion for use herein, contains 4.3% w/v squalene, 0.25% w/v Tween 80™, and 
0.75% w/v Span 85™ and optionally MTP-PE. Yet another submicron oil-in-water emulsion is 
MF75, also known as SAF, containing 10% squalene, 0.4% Tween 80™, 5% pluronic-blocked 
polymer L121, and thr-MDP, also microfluidized into a submicron emulsion. MF75-MTP 
denotes an MF75 formulation that includes MTP, such as from 100-400 jug MTP-PE per dose. 

Submicron oil-in-water emulsions, methods of making the same and immunostimulating 
agents, such as muramyl peptides, for use in the compositions, are described in detail in 
International Publication No. WO 90114837 and U.S. Patent Nos. 6,299,884 and 6,45 1,325, 
incorporated herein by reference in their entireties. 

Complete Freund's adjuvant (CFA) and incomplete Freund's adjuvant (IFA) may also be 
used as adjuvants in the invention. 
C. Saponin Formulations 

Saponin formulations, may also be used as adjuvants in the invention. Saponins are a 
heterologous group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, 
stems, roots and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia 
saponaria Molina tree have been widely studied as adjuvants. Saponin can also be commercially 
obtained from Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria 
officianalis (soap root). Saponin adjuvant formulations include purified formulations, such as QS21, 
as well as lipid formulations, such as ISCOMs. 

Saponin compositions have been purified using High Performance Thin Layer 
Chromatography (HP-LC) and Reversed Phase High Performance Liquid Chromatography (RP- 
HPLC). Specific purified fractions using these techniques have been identified, including QS7, QS17, 
QS18,QS21,QH-A,QH-BandQH-C. Preferably, the saponin is QS21. A method of production of 
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QS21 is disclosed in U.S. Patent No. 5,057,540. Saponin formulations may also comprise a sterol, 
such as cholesterol (see WO 96/33739). 

Combinations of saponins and cholesterols can be used to form unique particles called 
Immunostimulating Complexs (ISCOMs). ISCOMs typically also include a phospholipid such as 
5 phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs. 
Preferably, the ISCOM includes one or more of Quil A, QHA and QHC. ISCOMs are further 
described in EP 0 109 942, WO 96/1 171 1 and WO 96/33739. Optionally, the ISCOMS may be 
devoid of additional detergent. Seeref. 11. 

A review of the development of saponin based adjuvants can be found at ref. 12. 

10 C. Virosomes and Virus Like Particles (VLPs^ 

Virosomes and Virus Like Particles (VLPs) can also be used as adjuvants in the invention. 
These structures generally contain one or more proteins from a virus optionally combined or 
formulated with a phospholipid. They are generally non-pathogenic, non-replicating and generally do 
not contain any of the native viral genome. The viral proteins may be recombinantly produced or 

1 5 isolated from whole viruses. These viral proteins suitable for use in virosomes or VLPs include 

proteins derived from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid 
proteins), Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, 
Retrovirus, Norwalk virus, human Papilloma virus, HIV, RNA-phages, QB-phage (such as coat 
proteins), GA-phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pi). VLPs 

20 are discussed further in WO 03/024480, WO 03/024481, andRefs. 13, 14, 15 and 16. Virosomes are 
discussed further in, for example, Ref. 17 
D. Bacterial or Microbial Derivatives 

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as: 

(1) Non-toxic derivatives of enterobacterial lipopolysaccharide (LPS) 

25 Such derivatives include Monophosphoryl lipid A (MPL) and 3-O-deacylated MPL (3dMPL). 

3dMPL is a mixture of 3 De-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains. A 
preferred "small particle 59 form of 3 De-O-acylated monophosphoryl lipid A is disclosed in EP 0 689 
454. Such "small particles" of 3dMPL are small enough to be sterile filtered through a 0.22 micron 
membrane (see EP 0 689 454). Other non-toxic LPS derivatives include monophosphoryl lipid A 

30 mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g. RC-529. See Ref. 18. 

(2) Lipid A Derivatives 

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM-174. 
OM-174 is described for example in Ref. 19 and 20. 
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(3) Immunostimulatory oligonucleotides 

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include 
nucleotide sequences containing a CpG motif (a sequence containing an unmethylated cytosine 
5 followed by guanosine and linked by a phosphate bond). Bacterial double stranded KNA or 
oligonucleotides containing palindromic or poly(dG) sequences have also been shown to be 
immunostimulatory. 

The CpG's can include nucleotide modifications/analogs such as phosphorothioate 
modifications and can be double-stranded or single-stranded. Optionally, the guanosine may be 
10 replaced with an analog such as 2'-deoxy-7-deazaguanosine. See ref. 21, WO 02/26757 and WO 

99/62923 for examples of possible analog substitutions. The adjuvant effect of CpG oligonucleotides 
is further discussed in Refs. 22, 23, WO 98/40100, U.S. Patent No. 6,207,646, U.S. Patent No. 
6,239,116, and U.S. Patent No. 6,429,199. 

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT. See 
1 5 ref. 24. The CpG sequence may be specific for inducing a Thl immune response, such as a CpG-A 
ODN, or it may be more specific for inducing a B cell response, such a CpG-B ODN. CpG-A and 
CpG-B ODNs are discussed in refs. 25, 26 and WO 01/95935. Preferably, the CpG is a CpG-A ODN. 

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor 
recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3* ends to form 
20 "immunomers". See, for example, refs. 27, 28, 29 and WO 03/035836. 

(4) ADP-ribosylating toxins and detoxified derivatives thereof. 

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as 
adjuvants in the invention. Preferably, the protein is derived from£. coli (i.e., E. coli heat labile 
enterotoxin "LT), cholera ("CT"), or pertussis ("FT"). The use of detoxified ADP-ribosylating toxins 
25 as mucosal adjuvants is described in WO 95/1721 1 and as parenteral adjuvants in WO 98/42375. 
Preferably, the adjuvant is a detoxified LT mutant such as LT-K63. 

E. Human Tmr qunomodulators 

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, 
such as interleukins (e.g. IL-1, BL-2, IL-4, IL-5, EL-6, IL-7, EL-12, etc.), interferons (e.g. interferon-/), 
30 macrophage colony stimulating factor, and tumor necrosis factor. 

F. Bioadhesives and Mucoadhesives 

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable 
bioadhesives include esterified hyaluronic acid microspheres (Ref. 30) or mucoadhesives such as 
cross-linked derivatives of poly(acrylic acid), polyvinyl alcohol, polyvinyl pyrollidone, 
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polysaccharides and carboxymethylcellulose. Chitosan and derivatives thereof may also be used as 
adjuvants in the invention. E.g., ref. 31. 

G. Microparticles 

Microparticles may also be used as adjuvants in the invention. Microparticles (i.e. a particle 
of ~100nm to -1 50|jxa in diameter, more preferably ~200nm to -30pm in diameter, and most 
preferably ~500nm to -lOpm in diameter) formed from materials that are biodegradable and 
non-toxic (e.g. a poly(a-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, 
a polycaprolactone, etc.), with poly(lactide~co-glycolide) are preferred, optionally treated to have a 
negatively-charged surface (e.g. with SDS) or a positively-charged surface (e.g. with a cationic 
detergent, such as CTAB). 

H. Liposomes 

Examples of liposome formulations suitable for use as adjuvants are described in U.S. Patent 
No. 6,090,406, U.S. Patent No. 5,916,588, and EP 0 626 169. 

I. Polvoxvethvlene ether and Polyoxvethvlene Ester Formulations 
Adjuvants suitable for use in the invention include polyoxyethylene ethers and 

polyoxyethylene esters. Ref. 32. Such formulations further include polyoxyethylene sorbitan ester 
surfactants in combination with an octoxynol (Ref. 33) as well as polyoxyethylene alkyl ethers or 
ester surfactants in combination with at least one additional non-ionic surfactant such as an octoxynol 
(Ref. 34). 

Preferred polyoxyethylene ethers are selected from the following group: polyoxyethylene-9- 
lauryl ether (laureth 9), poiyoxyethylene-9-steoryl ether, polyoxytheylene-8-steoryl ether, 
polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl 
ether. 

J. Polvphosphazene ( PCPP) 

PCPP formulations are described, for example, in Ref. 35 and 36. 
K. Muramvl peptides 

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl- 
muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (nor- 
MDP), and N-acetylmuramyl-L-alanyl-D-isoglutaiEdnyl-L-alainne-2-(l '^^dipalmitoyl-^w-glycero-S- 
hydroxyphosphoryloxy)-ethylamine MTP-PE). 
L. Imidazoquinolone Compounds . 

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include 
Lniquamod and its homologues, described further in Ref. 37 and 38. 
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The invention may also comprise combinations of aspects of one or more of the adjuvants 
identified above. For example, the following adjuvant compositions may be used in the invention: 

(1) a saponin and an oil-in-water emulsion (ref. 39); 
5 (2) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) (see WO 

94/00153); 

(3) a saponin (e.g.., QS21) + a non-toxic LPS derivative (e.g., 3dMPL) + a cholesterol; 

(4) a saponin (e.g. QS21) + 3dMPL + DL-12 (optionally + a sterol) (Ref. 40); 

(5) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (Ref. 

10 41); 

(6) SAF, containing 10% Squalane, 0.4% Tween 80, 5% pluronic-block polymer LI 21, 
and thr-MDP, either microfluidized into a submicron emulsion or vortexed to generate a larger 
particle size emulsion. 

(7) Ribi™ adjuvant system (RAS), (Ribi Immunochem) containing 2% Squalene, 0.2% 
1 5 Tween 80, and one or more bacterial cell wall components from the group consisting of 

monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell wall skeleton (CWS), 
preferably MPL + CWS (Detox™); and 

(8) one or more mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS 
(such as 3dPML). 

20 Aluminium salts and MF59 are preferred adjuvants for parenteral immunisation. Mutant 

bacterial toxins are preferred mucosal adjuvants. 

The composition may include an antibiotic. 
Further antigens 

The compositions of the invention may further comprise one or more additional non-GBS 
25 antigens, including additional bacterial, viral or parasitic antigens. 

In another embodiment, the GBS antigen combinations of the invention are combined with 
one or more additional, non-GBS antigens suitable for use in a vaccine designed to protect elderly or 
immunocomprised individuals. For example, the GBS antigen combinations may be combined with 
an antigen derived from the group consisting of Enterococcus faecalis, Staphylococcus aureus, 
30 Staphylococcus epidermis, Pseudomonas aeruginosa, Legionella pneumophila, Listeria 
monocytogenes, Neisseria meningitides, influenza, and Parainfluenza virus (*PIV > )- 

Where a saccharide or carbohydrate antigen is used, it is preferably conjugated to a carrier 
protein in order to enhance immunogenicity {e.g. refs. 42 to 51 }. Preferred carrier proteins are 
bacterial toxins or toxoids, such as diphtheria or tetanus toxoids. The CRM197 diphtheria toxoid is 
35 particularly preferred {52} . Other carrier polypeptides include the N. meningitidis outer membrane 
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protein {53}, synthetic peptides {54, 55}, heat shock proteins {56, 57}, pertussis proteins {58, 59}, 
protein D from Kinfluenzae {60}, cytokines {61}, lymphokines, hormones, growth factors, toxin A 
or B from C.difficile {62}, iron-uptake proteins {63}, etc. Where a mixture comprises capsular 
saccharides from both serogroups A and C, it may be preferred that the ratio (w/w) of MenA 
5 saccharide:MenC saccharide is greater than 1 {e.g. 2:1, 3:1, 4:1, 5:1, 10:1 or higher). Different 
saccharides can be conjugated to the same or different type of carrier protein. Any suitable 
conjugation reaction can be used, with any suitable linker where necessary. 

Toxic protein antigens may be detoxified where necessary e.g. detoxification of pertussis 
toxin by chemical and/or genetic means. 

10 Where a diphtheria antigen is included in the composition it is preferred also to include 

tetanus antigen and pertussis antigens. Similarly, where a tetanus antigen is included it is preferred 
also to include diphtheria and pertussis antigens. Similarly, where a pertussis antigen is included it is 
preferred also to include diphtheria and tetanus antigens. 

Antigens in the composition will typically be present at a concentration of at least 1 pg/ml 

1 5 each. In general, the concentration of any given antigen will be sufficient to elicit an immune 
response against that antigen. 

As an alternative to using protein antigens in the composition of the invention, nucleic acid 
encoding the antigen may be used {e.g. refs. 64 to 72} . Protein components of the compositions of 
the invention may thus be replaced by nucleic acid (preferably DNA e.g. in the form of a plasmid) 

20 that encodes the protein. 



Definitions 

The term "comprising" means "including" as well as "consisting" e.g. a composition 
"comprising" X may consist exclusively of X or may include something additional e.g. X + Y. 

25 The term "about" in relation to a numerical value x means, for example, x±l 0%. 

References to a percentage sequence identity between two amino acid sequences means that, 
when aligned, that percentage of amino acids are the same in comparing the two sequences. This 
alignment and the percent homology or sequence identity can be determined using software programs 
known in the art, for example those described in section 7.7.1 8 of reference 73. A preferred 

30 alignment is determined by the Smith-Waterman homology search algorithm using an affine gap 

search with a gap open penalty of 12 and a gap extension penalty of 2, BLOSUM matrix of 62. The 
Smith-Waterman homology search algorithm is disclosed in reference 74. 
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